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CERTIFICATION 


Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from 
the factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States 
National Bureau of Standards, to the extent allowed by the Bureau’s calibration facility, and to the calibration 
facilities of other International Standards Organization members. 


WARRANTY 


This Hewlett-Packard instrument product is warranted against defects in material and workmanship for a period of 
one year from date of shipment. During the warranty period, Hewlett-Packard Company will, at its option, either 
repair or replace products which prove to be defective. 

For warranty service or repair, this product must be returned to a service facility designated by HP. Buyer shall 
prepay shipping charges to HP and HP shall pay shipping charges to return the product to Buyer. However, Buyer 
shall pay all shipping charges, duties, and taxes for products returned to HP from another country. 

HP warrants that its software and firmware designated by HP for use with an instrument will execute its programm- 
ing instructions when properly installed on that instrument. HP does not warrant that the operation of the instru- 
ment, or software, or firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 


The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, 
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmen- 
tal specifications for the product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED WARRAN- 
TIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 


EXCLUSIVE REMEDIES 


THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT BE 
LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER 
BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 


ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard pro- 


ducts. : F ; 
For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the 


back of this manual. 
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MANUAL CHANGES 
Models 59501B Power Supply Programmer 
Manual HP P/N 59501-90004 


10/28/87 


Make all corrections in the manual according to errata below, then check the following 
table for your power supply serial number and enter any listed change(s) in the manual. 


| SERIAL | MAKE | 
| ------------------------ | CHANGES | 
| Prefix | Number | | 
Jeooreosses aH soasosace: [eas esce= | 
| All | --- | Errata | 
| 23374 | 00550-04729 | 1 | 
| 2628A | 04730-05509 | 1-2 | 
| 27144 | 05510-05979 | 1-3 | 
| 27434 | 05980-up | 1-4 | 
| | | | 
| | | | 
| | | | 
ERRATA: 


In the replaceable parts list, page 6-2, 
change J3 to HP P/N 1251-7651. 
In the replaceable parts list, page 6-5, 
change the part number for the Top Shell 
from HP P/N 3101-0622 to HP P/N 7101-0622, 
and change the part number for the Bottom 
Shell from HP P/N from 3101-0623 to HP P/N 
7101- 0623. 


CHANGE 1: 
On page 7-3, replace Figure 7-2B with the 
Figure shown below. 


ERRATA: 


On page 1-1 under ACCESSORIES (continued on 
page 1-2), change Rack Mounting Kit for one 
half module width unit, 3 1/2-inches high 
from HP P/N 5061-0054 to 5061 -0072, Rack 
Mounting Kit for two half module units, 3 
1/2-inches high from HP P/N 5061-0076 to HP 
P/N 5061-0074 and Rack Mounting Kit for two 
units, (one half module width and one quart- 
er module width) from HP P/N 5061-0055 to HP 
P/N 5061-0071. 


In the replaceable parts list, on page 6-5, 
add HP Part No. 0960-0444, TQ. 1, MFR. CODE 
28480, next to “Power Module on rear panel 
(includes voltage selection PC Board and 
Fuse)". On the same page, under Mechanical, 
change Top shell to HP Part No.7101-0622 and 
Bottom shell to HP Part No. 7101-0623. 


ERRATA: 
In the replaceable parts list, on page 6-2, 
connector J3 has been changed to HP P/N 
1252-1006. 


CHANGE 2: 
In the replaceable parts list, page 6-2, un- 
der Al Main Board Assembly change C8 to HP 
P/N 0160-4808. On page 6-5, under Chassis 
Electrical change S2 to HP P/N 3101-2854. 


If replacement of the old switch is required 
use new switch HP P/N 3101-2854 and solder 
wires directly to the switch (see figure 
below). 
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Page -2- 
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>CHANGE 3: 
In the replaceable parts list, on page 6-2, 
change C35,36 to fxd cer, 1800pf, HP P/N 
0160-4820, TQ 2. 


On page 6-3, add Q15, PNP transistor/heat- 
sink assembly, HP P/N 5060-3241, TQ 1 and 
Q16, NPN transistor/heatsink assembly HP P/N 
5060-3242, TQ 1. 


On page 6-4, change U33 to IC, Voltage 
Regulator, HP P/N NB26=0128.. 1O) Sl add 
R81,82 fxd film, 47ohms, 1/4W, HP P/N 
0683-4705, TQ 2. 


On page 7-2, change the lower left corner of 
Figure 7-2A to appear as follows; 


: 


LBNAYESOud 
ANGANS UAOd 810965 


On page 7-1, change the lower left corner of 
Figure 7-1 to appear as follows; 
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On page 7-4, change the +/-15V Regulated 


Supply in Figure 7-3 (sheet 1) to appear as 
follows; 


ERRATA: 
In the replaceable parts list, 
change U32 to HP P/N 1826-0122. 


page 6-4 


ERRATA: 
In the replaceable parts list page 6-4 
change the description of U32 to; IC 5V 
regulator and heatsink assembly and change 
the HP P/N to 5060-9665. On page 6-5 delete 
Heatsink (A1U32) HP P/N 1205-0402. 


CHANGE 4: 
In the replaceable parts list, 
change AlJ3 to HP P/N 1252-0268. 


page 6-2 


SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this instry- 


ment. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards 
of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no liability for the 


customer’s failure to comply with these requirements. 


BEFORE APPLYING POWER. 


Verify that the product is set to match the available line 
voltage and the correct fuse is installed. 


GROUND THE INSTRUMENT. 


This product is a Safety Class 1 instrument (provided with a 
protective earth terminal). To minimize shock hazard, the in- 
strument chassis and cabinet must be connected to an elec- 
trical ground. The instrument must be connected to the ac 
power supply mains through a three-conductor power cable, 
with the third wire firmly connected to an electrical ground 
(safety ground) at the power outlet. For instruments designed 
to be hard-wired to the ac power lines (supply mains), connect 
the protective earth terminal to a protective conductor before 
any other connection is made. Any interruption of the protec- 
tive (grounding) conductor or disconnection of the protective 
earth terminal will cause a potential shock hazard that could 
result in personal injury. If the instrument is to be energized via 
an external autotransformer for voltage reduction, be certain 
that the autotransformer common terminal is connected to the 
neutral (earthed pole) of the ac power lines (supply mains). 


INPUT POWER MUST BE SWITCH 
CONNECTED. 


For instruments without a built-in line switch, the input power 
lines must contain a switch or another adequate means for 
disconnecting the instrument from the ac power lines (supply 
mains). 


DO NOT OPERATE IN AN EXPLOSIVE 
ATMOSPHERE. 

Do not operate the instrument in the presence of flammable 
gases or fumes. 


KEEP AWAY FROM LIVE CIRCUITS. 


Operating personnel must not remove instrument covers. 
Component replacement and internal adjustments must be 
made by qualified service personnel. Do not replace com- 
ponents with power cable connected. Under certain condi- 
tions, dangerous voltages may exist even with the power cable 
removed. To avoid injuries, always disconnect power, 
discharge circuits and remove external voltage sources before 
touching components. 


DO NOT SERVICE OR ADJUST ALONE. 


Do not attempt internal service or adjustment unless another 
person, capable of rendering first aid and resuscitation, Is 


present. 


Instruments wh 
they can be repaired by qualified service personnel. 


DO NOT EXCEED INPUT RATINGS. 


This instrument may be equipped with a line filter to reduce 
electromagnetic interference and must be connected to a pro- 
perly grounded receptacle to minimize electric shock hazard. 
Operation at line voltages or frequencies in excess of those 
stated on the data plate may cause leakage currents in excess 
of 5.0 mA peak. 


SAFETY SYMBOLS. 
Instruction manual symbol: the product 
will be marked with this symbol when it 
is necessary for the user to refer to the 
instruction manual (refer to Table of 
Contents). 


Indicates hazardous voltages. 


Indicate earth (ground) terminal. 


The WARNING sign denotes a hazard. It 
calls attention to a procedure, practice, 
or the like, which, if not correctly per- 
formed or adhered to, could result in 
personal injury. Do not proceed beyond 
a WARNING sign until the indicated 
conditions are fully understood and met. 


| WARNING 


& 


The CAUTION sign denotes a hazard. It 
calls attention to an operating pro- 
cedure, or the like, which, if not correct- 
ly performed or adhered to, could result 
in damage to or destruction of part or all 
of the product. Do not proceed beyond 
a CAUTION sign until the indicated con- 
ditions are fully understood and met. 


CAUTION 


DO NOT SUBSTITUTE PARTS OR 
MODIFY INSTRUMENT. 

Because of the danger of introducing additional hazards, do 
not install substitute parts or perform any unauthorized 
modification to the instrument. Return the instrument to a 
Hewlett-Packard Sales and Service Office for service and 
repair to ensure that safety features are maintained. 


ich appear damaged or defective should be made inoperative and secured against unintended operation until 


Section 


TABLE OF CONTENTS 


Page 

GENERAL INFORMATION....... 1-1 
1-1 INTRODUCTION. ............. 1-1 
1-3. DESCRIPTION ..........2.05-. 1-1 
1-7. HP-IB CAPABILITIES .......... 1-1 
1-9 SPECIFICATIONS............. 1-1 
1-11: AAGCESSORIES 205, 6 occ, 5 ee -eers oneal 1-1 
1-13 INSTRUMENT AND MANUAL 

IDENTIFICATION .......... 1-2 
1-16 ORDERING ADDITIONAL 

MANUALS (oes mcs ees tide ous sere 1-2 
1-18 RELATED DOCUMENTATION .... 1-2 
RIN CHAN RAFAT PIN es eek git ae aa ad 2-1 
2-1 INITIAL INSPECTION.......... 2-1 
2-3. Mechanical Check ............. 2-1 
2-5 ‘Electrical ‘Gheck: 2..%.< 4.2%. ives se 2-1 
2-7 REPACKAGING FOR SHIPMENT. . 2-1 
2-9 INSTALLATION DATA......... 2-1 
2-10 Outline Drawing .............-. 2-1 
2-13 Rack Mounting..............-. 2-1 
2-15 Equipment Required ........... 2-1 
2:17 “HP:IB Connector. .e:2.2, yc % aes we 2-1 
2-20 System Connections ........... 2-2 
2-22 Setting Addresses ...........-. 2-2 
2-25 Unipolar/Bipolar Mode Switch..... 2-3 
2-27 Input Power Requirements and 

Line Voltage Conversion....... 2-3 
2-30: Power ‘Gableis.c jsckerera a Se os Sue 2-4 
OPERATING INSTRUCTIONS..... 3-1 
3-1 INTRODUCTION. ............. 3-1 
3-3 PRE-OPERATIONAL 

CONSIDERATIONS. ......... 3-1 
3-5 CONTROLS AND INDICATORS. .. 3-1 
3-6: -FrontPanel. 2. suc 66 e4ee 8 wtiee-s 3-1 
3214) (Rear Pariel: < sss0.ae esa eke este he is 3-2 
3-17 PROGRAMMING 

FUNDAMENTALS .......... 3-2 
3-20 Calculating Data Word Values ..... 3-2 
3-29 Sending Data Words............ 3-4 
3-35 USING 59501B AS A POWER 

SUPPLY PROGRAMMER 2... 34 
3-37 Voltage Programming with Gain... . 3-4 
3-43 59501B /HP Power Supply 

CONNECTIONS) ok si trsecene is anaackloye 3-6 
3-51 Power Supply CV Programming... . 3-12 
3-60 BPS/A CV Programming......... 3-15 
3-67 CC Programming.............. 3-17 


Section 
Hl 
(Con’t.) 


Vi 


Vil 


Page 

3-73 USING 58501B AS A LOW LEVEL 

DC SIGNAL SOURCE........ 3-17 
3-75 Unipolar Mode ............-.- 3-17 
3-79: Bipolar. Mode < c:sa-8 c.ocs- sed eae 3-19 
PRINCIPLES OF OPERATION..... 4-1 
4-1 OVERALL DESCRIPTION....... 4-1 
4-3 Digital Processing Circuits........ 4-2 
4-9 Digital-to-Analog Converter (DAC). . 4-2 
4-11 Analog Amplifier Circuits........ 4-2 
4-16 DETAILED CIRCUIT 

DESCRIPTION ............. 4-3 
4-18 Power-On Preset ..........-.--- 4-3 
4-20 Address Comparator...........- 4-3 
4-22 Acceptor Handshake............ 4-3 
ADA iste: LOGI Csicwre ers cians he eo oe 4-4 
4-27 Clock Generator ............-.-. 4-4 
4229) ISOlAtOLS). 2. 0:55 Suerte a roeeie so 08% 4-4 
A-31 Data: Storage u.2:35.3 whe cece aS: ass 4-4 
4-36 Digital-to-Analog Converter (DAC) 

and I/V Converter........... 4-5 
4-38 Output Amplifier.............. 4-6 
4-44 Range Switch ................ 4-6 
4-49 Turn-On/Turn-Off Control........ 4-6 
4-53'-Bias’ Voltage. sie x<s.2/a.0 28 S sears © 4-6 
MAINTENANCE ...4% 2¢2542s4055% 5-1 
5-1 INTRODUCTION. ............. 5-1 
5-3 TEST EQUIPMENT REQUIRED ... 5-1 
5-6 CHECKOUT PROCEDURES...... 5-1 
5-9 TROUBLESHOOTING.......... 5-1 
5-11 Overall Troubleshooting ......... 5-5 
5-13 Digital Circuits Troubleshooting... . 5-5 
5-14 Acceptor Handshake 

Troubleshooting............-. 5-5 
5-15 REPAIR AND REPLACEMENT... . 5-5 
5-17 REPLACEMENT PARTS......... 5-6 
5-19 ADJUSTMENT AND 

CALIBRATION. ............ 5-6 
5291 -Calibratlonincs.«. saceeeatlacl dss ates 5-6 
5-27 Front Panel Adjustments......... 5-6 
REPLACEABLE PARTS.......... 6-1 


CIRCUIT DIAGRAMS AND 
COMPONENT LOCATION 


DIAGRAMS » 2c afucepsonna ame 7-1 


SECTION | 
GENERAL INFORMATION 


1-1 INTRODUCTION enables the user to correct for small offsets in power supply 
response to programmed inputs. The POWER SUPPLY 

1-2 This instruction manual contains operating and FULL SCALE ADJUSTMENT (COARSE and FINE) 

service instructions for the HP-IB Isolated D/A Power allows the user to set the maximum output desired from the 

Supply Programmer Model 59501B.. Installation instructions | POwer supply when the 59501B is programmed to its 

and sample programs are also provided. The 59501B maximum output. This method of programming is called 

allows HP power supplies to be digitally controlled via voltage programming with gain. Power supply program- 


the Hewlett-Packard Interface Bus (HP-IB) from acalculator, | ming is described in greater detail in Section III. 
computer, or other controller. The digital format is bit 


Parallel, byte serial, ASCII coded format. The 59501B 1-6 Programming the 59501B is accomplished through 
can also be used on the HP-IB as a digitally programmable the transmission of four consecutive digits (four ASCII 
low level dc signal source. Since the 59501B: can be characters). The first digit specifies output range and the 
controlled (programmed) by various control devices such next three digits specify the magnitude within the selected 
as HP 9800 desk-top computers, hereafter in this manual, range. The high/low range capability provides a ten to one 
the controlling device will be referred to as the “‘con- improvement in resolution. Internal conversion circuitry 
troller’’, except when specific programming examples are enables the 59501B to produce its maximum output voltage 
provided. in approximately 250usec from the time the digital data 

is received. Output current up to 10 milliamps is available 
1-3 DESCRIPTION and is automatically limited to protect the 59501B and 


the user equipment. 
1-4 The 59501B. is basically a digital-to-analog (D/A) 


converter that provides an output voltage in response to 1-7 HP-IB CAPABILITIES 

digital data received on the HP-IB. Two programmable 

output ranges (1V and 10V) are available. In addition, a 1-8 The 59501B_ has “‘listener’’ and “acceptor hand- 
switch on the rear panel allows selecting either a unipolar or shake’ HP-IB functional capabilities. The LISTENING 
bipolar output mode. The unipolar mode provides a 0 to indicator on the front panel provides a convenient means of 
-999V or a0 to 9.99V output range and the bipolar mode monitoring the 59501B’s operating status. The 59501B 
provides a —1V to +0.998V or a —10V to +9.98V output does not have: controller, talker, source handshake, service 
range. The 59501B’s output can be used as a programming request, device trigger, extended listener, extended talker, 
voltage for controlling a wide range of dc voltages and parallel poll, and remote/local HP-IB functional capabilities. 
currents from HP power supplies or as a source voltage for All HP-IB functional capabilities are described in IEEE 
testing electronic components such as integrated circuit Standard 488-1975. 


packages (IC’s). 
1-9 SPECIFICATIONS 


1-5 Isolators within the 59501B protect other instru- 

mentation on the HP-IB from damage that could be caused 1-10 Detailed specifications for the 59501B are given 
by power supply outputs. Also, an internal circuit ensures in Table 1-1. 

that the output is held near zero until programmed data is 

received. Power supply programming is accomplished 1-11 ACCESSORIES 

through use of the 59501B’s programmable output voltage 

and its front panel adjustments. By making the appropriate 1-12. The System-I! cabinet accessories listed below may 
connections between the 59501B’s rear terminals and the be ordered with the 59501B unit or separately from your 
programming terminals on the supply, the output voltage local Hewlett-Packard field sales office (refer to list at rear 
(or current, if available) of the power supply can be of manual for addresses). All accessories applicable to 
programmed from zero to its full rated output. The System-I1 modular cabinets are fully described and illustrated 
59501B’s front panel adjustments provide fast and easy cali- in the Hewlett-Packard Electronic Instruments and Systems 


bration of power supply outputs. The ZERO ADJUST catalog. 
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HP Part No. 


5061-0088 


5061-0094 


1460-1345 


5061-0054 


5061-0076 


5061-0055 


5061-0096 


5061-2021 


5061-2022 


1494-0015 


Description 


Two front handles that attach to each side 
of 3 1/2” high cabinets. 


Kit of lock link hardware for joining together 
cabinets of equal depth. Units can be joined 
side-by-side or vertically. This kit is required 
whenever two (or more) sub-module units 
are to be rack mounted side-by-side. 


Tilt stand snaps into standard foot supplied 
with instrument — must be used in pairs. 


Rack mounting kit for one half module width 
unit, 3 1/2-inches high. Includes one rack 
flange (ear) and one half module width 
extention panel (adapter). 


Rack mounting kit for two half module units, 
3 1/2’ high. Kit includes two rack flanges 
(ears). Also, lock-together kit (5061-0094) 

is required for joining the two units together. 
The cabinets must also be of equal depth. 


Rack mounting kit for two units (one half 


module width and one quarter module width). 


Kit includes one rack flange and one quarter 
width extension adapter. Lock-together kit 
(5061-0094) is required for joining the two 

units. 


Support shelf for mounting one or more 

3 1/2” high units which are half module or 
quarter module width. Cabinet depths need 
not be equal. 


Front filler panel (one quarter module 
width) for 3 1/2’ high support shelf. 


Front filler panel (one half module width) 
for 3 1/2" high support shelf. 


Slide kit for support shelves mounted in 
HP rack enclosures. 
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1-13 INSTRUMENT AND MANUAL 
IDENTIFICATION 
1-14 Hewlett-Packard instruments are identified by a 


two part serial number. The first part is the serial number 
prefix, a number-letter combination that denotes the date 
of a significant design change and the country of manufac- 
ture. The first two digits indicate the year (10 = 1970, 

11 = 1971, etc.), the second two digits indicate the week, 
and the letter ‘’A’’ designates the U. S. A. as the country 
of manufacture. The second part is the instrument serial 
number; a different sequential number is assigned to each 
instrument, starting with 00101. 


1-15 If the serial number on your instrument does not 
agree with those on the title page of the manual, Change 
Sheets supplied with the manual of Manual Backdating 
Changes define the difference between your instrument 
and the instrument described by this manual. 


1-16 ORDERING ADDITIONAL MANUALS 


1-17 One manual is shipped with each instrument. 
Additional manuals may be purchased from your local 
Hewlett-Packard field office (see the list at the rear of this 
manual for addresses). Specify the model number, serial 
number prefix, and the HP Part Number provided on the 
title page. 


1-18 RELATED DOCUMENTATION 


1-19 In addition to this manual, the unit is shipped with Pro- 
gramming Note 59501A/HP85-1 (HP Part No. 59501-90003). 
This note also applies to the 59501B in all respects and pro- 
vides programming examples for use with the HP85 or other 
BASIC language controllers, as well as CV/CC Programming 
Connections between the 59501A and various HP Power Sup- 
plies. This information supplements the programming examples 
for the 9825 given in Section III of this manual. 


Table 1-1. Specifications, Model 59501A 


D/A CONVERTER 


DC Output Voltage: Programmable in high or low ranges 
within the voltage limits shown below. Output mode is 
unipolar or bipolar and is selectable via rear panel switch. 


High Low 
0 to 9.99 Volts 0 to +.999 Volts 
—10 to +9.98 Volts —1 to +.998 Volts 


Unipolar 
Bipolar 


DC Output Current: 10mA 


Resolution: 

High 
10mV 
20mV 


Unipolar 
Bipolar 


Accuracy: Specified at 23° C+ 5°C 
High 

.1% + 5mV 

1% + 10mV 


Low 
.1% + ImV 
1% + 2mV 


Unipolar 
Bipolar 


* Stability: Change in output over 8 hour interval under 
constant line, load, and ambient following a 30 minute 
warm-up. 

.04% + .5mV 
-04% + ImV 


.04% + ,1mV 
.04% + .2mV 


Unipolar 
Bipolar 


Temperature Coefficient: 
High 


Low 


01%/°C +.1mV/°C 
.01%/°C+.1mVPC 


.01%/°C + .5mV/°C 
.01%/°C + .5mV/°C 


Unipolar 
Bipolar 


Zero Adjust: Plus or minus 250 millivolts. 
D/A Full Scale Adjust: Plus or minus 5%. 


Programming Speed: The time required for output to go 
from zero to 99% of programmed output change is 250ysec 


(measured with resistive load connected to output terminals). 


* Stability is included in accuracy specification measure- 
ments over the temperature range indicated. 
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POWER SUPPLY PROGRAMMING 


Programming Network Specifications: In the following spec- 
ifications, M represents the calibrated full scale value of the 
supply being programmed-and P represents the actual pro- 
grammed output. Note that the full scale value (M) can be 
any value within the supply’s output range and is calibrated 
with the 59501B programmed to its maximum high range 
output. 


_Accuracy (Does not include power supply errors): 
Specified at 23°C + 5°C. 

High Low 

.05%M + .25%P 
0.1%M + .25%P 


Unipolar 
Bipolar 


-.01%M + .25%P 
-02%M + .25%P 


Isolation: 600Vdc between HP-IB data lines and output 
terminals. 


Temperature Coefficient: 
.0O5%M/°C + .015%P/°C 
.01%M/°C + .015%P/°C 


Programming Resolution: 
High 


High 
Low 


Low 


0.1%M 
0.2%M 


Unipolar 
Bipolar 


0.01%M 
0.02%M 


Programming Speed: D/A Conversion Time plus the 
programming speed of the power supply. 


GENERAL 


Input Power: Unit has ac power module which is settable 
to: 100/120/220/240Vac (—13%, +6%), 48-63Hz, 10VA. 
A 3-wire detachable line cord is supplied. 


Temperature Range: 
Operating: 0 to 55°C 
Storage: —40to 75°C 


Dimensions: 
(See Figure 2-1) 


Weight: 
Net: 1.82 kg. (4 Ib.) 
Shipping: 2.27 kg. (5 Ib.) 


SECTION II 
INSTALLATION 


2-1 INITIAL INSPECTION 

2-2 Before shipment, this instrument was inspected 
and found to be free of mechanical and electrical defects. 
As soon as the instrument is received, proceed as instructed 
in the following paragraphs. 

2-3 Mechanical Check 

2-4 If external damage to the shipping carton is evident, 
ask the carrier’s agent to be present when the instrument is 
unpacked. Check the instrument for external damage such 
as broken switches or connectors, and dents or scratches on 
the panel surfaces. If the instrument is damaged, file a claim 
with the carrier’s agent and notify your local Hewlett- 
Packard Sales and Service Office as soon as possible (see 

list at rear of this manual for addresses). 

2-5 Electrical Check 

2-6 Check the electrical performance of the instrument 
as soon as possible after receipt. Section V of this manual 
contains procedures which will verify instrument operation 
on the HP-IB. These procedures are also suitable for incom- 
ing quality control inspection. Refer to the inside front 
cover of the manual for the Certification and Warranty 
statements. 

2-7 REPACKAGING FOR SHIPMENT 

2-8 To insure safe shipment of the instrument, it is 
recommended that the package designed for the instrument 
be used. The original packaging material is reusable. If it 

is not available, contact your local Hewlett-Packard field 
office to obtain the materials. This office will also furnish 
the address of the nearest service office to which the instru- 
ment can be shipped. Be sure to attach a tag to the instru- 
ment specifying the owner, model number, full serial 
number, and service required, or a brief description of the 
trouble. 


2-9 INSTALLATION DATA 


2-10 The 59501B is shipped ready for operation on the 


HP-IB. Before connecting it to a controller and applying 
power, read paragraph 2-26. 


2-11 Outline Drawing 


2-12 Figure 2-1 illustrates the outline shape and 
dimensions of Model 59501A. 


2-13. Rack Mounting 


2-14 The 59501B can be rack mounted in a standard 
19-inch rack panel either by itself or alongside another 
half (or quarter) System-II module of equal height and 
depth. All rack mounting accessories for this unit are 
listed in paragraph 1-11. Also, complete installation 
instructions are included with each rack mounting kit. 


2-15 Equipment Required 


2-16 |f an HP controller is used to program the 59501B, the 
following equipment is required: 


HP HP-IB Interface Card 
Controller 


82937A HP-IB 1/O 


General |/O 
Extended I/O 


98034A HP-IB 1/O 


(Standard) (Standard) 
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HP-IB Connector 


2-19 The HP-IB connector on the rear of the 59501B 
interfaces directly to the HP-IB. Figure 2-2 illustrates the 
pin configuration of the HP-!B connector which is a 24-pin, 
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Figure 2-1. 59501B Outline Drawing 


type 57 micro-ribbon connector. One HP-IB cable is 
supplied with each HP computer and calculator I/O card 
package. Extra cables may be ordered separately. 


HP-IB Cable Model No. Cable Length 
10631A 1m (3.3 ft.) 
10631B 2m (6.6 ft.) 
10631C 4m (13.2 ft.) 

NOTE 


The HP-IB connector supplied with this unit 
contains metric fasteners (colored black). If 
your HP-IB cable connector contains standard 
mating screws (silver), make a conversion using 
the hardware and instructions included in Metric 
Conversion Kit (5060-0138). 


2-19 The HP-!IB cables use the same piggyback con- 


nector on both ends. Up to three connectors may be stacked 


one upon another. As many as 15 instruments (including 
the controller) may be connected to the same HP-IB. 


2-20 System Connections 


2-21 Figure 2-3 illustrates a controller (e. g., a 9825A 
calculator) and a 59501B unit connected to the HP-IB. In 
this case, the 98034A interface card provides HP-IB capa- 
bility for the 9825A calculator and is installed in any one 
of the three slots in the rear of the calculator. The 98034A 


card is equipped with the proper cable and connector to mate 


with the HP-IB connector on the rear of the 59501B. Note 
that specific connections between the 59501B’s output ter- 


minals and the user’s device (e.g. programmable power supply) 
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HP-IB LOGIC LEVELS: GROUND TRUE, TTL COMPATIBLE. 
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OUTPUT LEVELS (TO HP-IB): 4 = TRUE = OVDC TO 0.4VvDC 
®= FALSE = +2.5VDC TO +5V0C 


Figure 2-2. HP-IB Connector 


are not illustrated on Figure 2-3. These connections depend 
upon the particular power supply being programmed and 
the type of control desired (output voltage or current). 

The connections required to program various HP power 
supplies are provided in Section III, paragraph 3-43 through 
3-50. 


2-22 Setting Addresses 


2-23 The listen address for the 59501B is selected by 
address switches on the rear of the unit. The switches are 
factory set to the suggested listen address of & when the 
unit is shipped from the factory. As shown in Figure 2-4, 
there are seven address switches, The last two switches, 

6 and 7 (XX), are ignored (have no affect). Switches 1, 4, 
and 5 are set to ‘0’ and switches 2 and 3 are set to 1” to 
select a listen address of ’&’’. Note that '’&"’ is the suggested 
listen address and is one of 31 listen address possibilities. 
The address switch settings for each of the 31 listen address 
possibilities are listen in Table 2-1. 
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a Rh Table 2-1. Listen Addresses and Switch Settings 
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Pesos 
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OTHER 
BUS DEVICES 


Listen 
Address 
Character 
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USER'S DEVICE 
(E.G. HP PRO- 
GRAMMABLE PROGRAMMING 


POWER SUPPLY ) TERMINALS 


3% CONNECTIONS BETWEEN THE 59501B'S OUTPUT TERMINALS AND 
THE PROGRAMMING TERMINALS OF APPLICABLE HP PROGRAM- 
MABLE POWER SUPPLIES ARE DESCRIBED IN SECTION IL. 


Figure 2-3. System Connections 


2-24 The HP-!IB bus interface cards for the HP calcula- 
tors are shipped from the factory with a preset talk address 
of ''U” and a preset listen address of ‘’5’’. Before program- 
ming, write down the listen and/or talk address of all 
instruments connected to the HP-IB. 


2-25 Unipolar/Bipolar Mode Switch 


2-26 The UNIPOLAR/BIPOLAR mode switch is a 
push-in, push-out type switch located on the rear of the 
unit beneath the output terminal strip. In the UNIPOLAR 
mode (switch is in), the 59501B provides an output range 
of 0 to 0.999V or Oto 9.99V. In the BIPOLAR mode 
(switch is out), the 59501B provides an output range of 
—1V to +0.998V or —10V to +9.998V. The switch is set 
to UNIPOLAR when the unit is shipped from the factory. 
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2-27. Input Power Requirements And Line 
Voltage Conversion 
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2-28 The 59501B may be operated continuously from a 
nominal 100V, 120V, 220V, or 240V (48-63Hz) power 
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source. A printed circuit board located within the ac 
power module on the rear panel selects the power source. 
Voltage choices are available on both sides of the PC 
board. Before connecting the instrument to the power 
source, check that the PC board selection matches the 
nominal line voltage of the source. The operating voltage 
that is selected is the one printed on the lower-left side 
of the PC board (see Figure 2-5). As shipped from the 
factory, the PC board in this unit is positioned for 120Vac 
operation. To select another input voltage proceed as 
follows: 

a. Remove power cable from instrument. 

b. Move plastic door on power module aside. 

c. Rotate FUSE PULL to the left and remove line 
fuse F1. 

d. Remove PC board from slot. Select operating 
voltage by orienting PC board to position the 
desired voltage on topeft side of PC board. Push 
board firmly into slot. 

e. Rotate FUSE PULL back into normal position and 
re-insert fuse Fl in holder using caution to select 
the correct value for F1 (125mA for 100V or 120V 
and 62.5mA slo-blo for 220V or 240V). 

f. Close plastic door and connect power cable. 


2-29 When the instrument leaves the factory, a 125mA 
fuse is installed for 120V operation. An envelope contain- 
ing a62.5mA fuse for 220V/240V operation is attached to 
the instrument. Make sure that the correct fuse value for 
F1 is installed if the position of the PC board is changed. 
2-30 Power Cable 

2-31 This unit is factory equipped with a power cord 
plug that is the most appropriate for the user’s location. 
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The replaceable parts section of this manual lists all of the 
power cords associated with this unit. If a different power 
cord is desired, contact your nearest HP Sales Office. 


2-32 To protect operating personnel, the National 
Electrical Manufacturers Association (NEMA) recommends 
that the instrument panel and cabinet be grounded. This 
instrument is equipped with a three conductor power cable. 
The third conductor is the ground conductor and when the 
cable is plugged into an appropriate receptacle, the instru- 
ment is grounded. The offset pin on the power cable three- 
prong connector is the ground connection. In no event 
shall this instrument be operated without an adequate 
cabinet ground connection. 


2-33 To preserve the protection feature when operating 
the instrument from a two-contact outlet, use a three-prong 
to two-prong adapter (if permitted by local regulations) and 
connect the green lead on the adapter to ground. 


VOLTAGE SELECT 
P.C. BOARD 


Figure 2-5. Line Voltage Conversion 


SECTION III 
OPERATING INSTRUCTIONS 


3-1 INTRODUCTION 

3-2 This section contains operating instructions and 
programming information for the 59501B Isolated DAC, 
Power Supply programmer. Since the 59501B can be used 
as a power supply programmer or as D/A converter (low 
level dc signal source), operating instructions and program- 
ming examples are provided to cover both applications. 
Additional information regarding use of the 59501B is 
provided in HP-IB/Power Supply Application Guide, HP 
Part No. 5952-3990. 

3-3 PRE-OPERATIONAL CCNSIDERATIONS 
3-4 Before connecting the 59501B to an ac power 
source, ensure that the proper operating voltage (100, 120, 
220, or 240Vac) has been selected and the proper fuse is 
installed (see paragraph 2-27). Also, check that the address 
switches are set correctly, the UNIPOLAR/BIPOLAR mode 
switch is set to the desired position, and all HP-IB system 
cabling is installed (see paragraphs 2-20 through 2-26). 
Connections between the 59501B and the user’s device 

(e. g. HP Power Supply) are described in subsequent para- 
graphs. 


3-5 CONTROLS AND INDICATORS 
3-6 Front Panel 
3-7 The 59501B front panel contains a power on indi- 


cator, a status indicator and four controls (screwdriver ad- 
justments) as shown in Figure 3-1. 


3-8 The power on (ON) indicator a) (Figure 3-1) 
lights and the 59501B’s internal supply voltages (+15V, 
+15V, Vad) are present when the line cord is plugged-in. 


3-9 The LISTENING indicator @ lights when the 
59501B is addressed to “‘listen’’ and remains iighted until 
an “‘unlisten’’ command or the interface clear signal is 
received from the controller. When lighted, it indicates that 
the 59501B is enabled to process data words received on 
the HP-IB. When it is not lighted, it indicates that the 
59501B is inhibited from processing data words. 


3-10 The front panel screwdriver adjustments allow fast 
and easy calibration of D/A and power supply outputs. 
Each adjustment is described below. 


3-11. The ZERO ADJUST (@) allows the 59501B out- 
put to be adjusted to OV + 250 millivolts when it is program- 
med to zero output. It can also be used to correct for small 
offsets in power supply response to programmed inputs when 
the 59501B is used as a power supply programmer. 


3-12 The D/A FULL SCALE ADJUST @) allows the 
59501B output to be adjusted to maximum (+£5%) when it 
is programmed to maximum. For example, if the 59501B 
is programmed to its maximum unipolar output in the high 
range, the D/A FULL SCALE ADJUST is normally used to 
set the output to 9.99V. However, it can also be used to 
set the output between 9.49V and 10.49V (i. e. 9.99V +5%). 
The D/A FULL SCALE ADJUST is used when the 59501B 
is employed as a D/A (see paragraphs 3-73 through 3-80). 
When the 59501B is used as a power supply programmer, 
the POWER SUPPLY FULL SCALE ADJUST controls are 
utilized to set the power supply’s output. 


3-13 The POWER SUPPLY FULL SCALE ADJUST 
controls (COARSE and FINE) 6) enable the user to 

set the maximum output desired from the power supply 
when the 59501B is programmed to its maximum value. 
These adjustments can be used to calibrate the output of a 
power supply to its maximum rated output or to any lower 
value. For example, a 40Vdc power supply’s output could 
be set to 20V when the 59501B is programmed to its maxi- 
mum value. In this case, all 999 programming steps are 
utilized in programming the supply from O to 20V with a 
resolution of 20mV (approx.). Calibration of power supply 
outputs is described in paragraph 3-51 through 3-57. 


Figure 3-1. 59501B Front Panel 


3-14 Rear Panel 


3-15 The 59501B rear panel contains the HP-IB connec- 

tor, the ADDRESS switches, the UNIPOLAR/BIPOLAR 

mode switch, the ac power module, and the output term- 

inal strip as shown in Figure 3-2. 

a. HP-IB connector — Interfaces directly to HP-IB 

(paragraph 2-17). 

ADDRESS switches — Select “‘listen’’ address of 

59501B (paragraph 2-22). 

c. UNIPOLAR/BIPOLAR switch — Selects either 
the unipolar of bipolar output mode (para- 
graph 2-25). 2 

d. Ac Power Module — Contains fuse and ac input 
voltage select PC board (paragraph 2-27). 


b. 


3-16 The 59501B is interfaced with the user's device 
via the output terminal strip. Output terminals Al and A2 
allow access to the 59501B’s D/A output while terminals 
A3 through A5 allow access to the power supply program- 
ming network. Figure 3-3 illustrates the connections re- 
quired to program the output voltage of a typical HP power 
supply. In this case, a jumper is connected between termin- 
als A2 and A3, and terminals A1, A4, and A5 are connected 
to the voltage programming terminals of the power supply. 
The method of programming and the connections required 
to program the output voltage or current of various HP 
supplies are described in paragraphs 3-35 through 3-72. 
When the 59501B is used as a low level dc signal source, 
only terminals Al and A2 are connected to the user’s device. 
Programming instructions for this application are given in 
paragraphs 3-73 through 3-80. 

3-17. PROGRAMMING FUNDAMENTALS 
3-18 The unipolar or bipolar output of the 59501B is 
programmed by a data word comprised of four ASCII 
characters (digits) received in the order shown below. The 
first digit specifies range and the next three digits specify the 
desired output within the selected range. The range digit 
must be the number 1 to specify low range or the number 2 
to specify high range. The magnitude digits can be any 
number from 000 to 999. 


D1 D2 D3 D4 
—_———_——— . 
Range Magnitude 
1or2 000-999 


3-19 The 59501B automatically provides an output 
voltage as soon as the four digits are received. This output 
is retained until the next four digits are received. The 
59501B is programmed by the magnitude digits in BCD to 
produce the desired output voltage. In the unipolar mode, 
000 equals 00.0% of full range, 500 equals 50.0% of full 
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Figure 3-2. 59501B Rear Panel 
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Figure 3-3. Rear Terminal Strip, Typical Connections 


range, and 999 equals 99.9% of full range. In the bipolar 
mode, 000 equals the maximum negative voltage output, 
500 equals OV output, and 999 equals the maximum positive 
voltage output. 


3-20 Calculating Data Word Values 


3-21 The following paragraphs describe the data word 
value calculations required to program the output of the 
59501B. Similar calculations are required when program- 
ming power supply outputs using the 59501B. The pro- 
grammable output range depends, of course, upon the power 
supply model being programmed. The desired output range 
of the particular power supply must be calibrated for pro- 
gramming with the 59501B. Power supply calibration pro- 
cedures and sample programs are described in paragraphs 
3-51 through 3-72. 


3-22 Data word value calculations for the high (10V) 
and low (1V) 59501B output ranges are described below. 
Calculations are provided for both the unipolar and bipolar 
output modes. Each data word must be exactly four digits 


long (one digit for range and three digits for magnitude). If 
more than four digits are sent to the 59501B, the desired out- 
put voltage will not appear at the output. 
3-23 Unipolar Mode 
3-24 Low Range. The desired 59501B output voltage 
values are from 0 to 0.999V programmable in 999 steps. 
The resolution in this range is equal to .999V/999, or 1mV 
per step. To calculate the correct data word value to pro- 
duce the desired output within this range, proceed as 
follows: 
1. The resolution in the low range is ImV, 
Let D = .001 
2. The range digit is 1 for the low range, so add 1 
to the left of the 3 magnitude digits, 
Let R = 1000 
3. The magnitude portion (M) is calculated by 
dividing the desired output voltage (V) by the 
least significant digit D. The magnitude portion 
must be rounded off to exactly 3 digits, 
M = INT (V/D + 0.5) = 3 magnitude digits 
4. Combine range and rounded off magnitude 
portion to obtain the correct data word value (N), 


N=R+M 
Example, desired voltage = 0.5123V 

D=.001 

R = 1000 


M = INT (0.5123/.001 + 0.5) 

M = INT (512.8) 

N = 1000 + 512 

N = 1512 = data word value 
In this example, the desired output voltage is 0.5123 volts 
but the actual output is 0.512V because the resolution is 
ImV (least significant digit equals .001): 


V=MxD 
V = 512 x .001 
V =0.512 


3-25 High Range. The desired 59501B output voltage 
values are from 0 to 9.99V. The calculations are the same 
as for the low range, except resolution is 10mV end the 
high range is used. For the high range, 


Let D=.01 
and R = 2000 
3-26 Bipolar Mode 
3-27 Low Range. The desired 59501B output voltage 


values are from —1V to +0.998V programmable in 999 
steps. For a —1V output, the magnitude digits are 000 and 
for a +0.998V output, the magnitude digits are 999. AOV 
output is obtained when the magnitude digits are 500. 
Resolution in this range is equal to 1.998/999, or 2mV. To 
calculate the correct data word value to produce the desired 
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positive or negative output voltage within this range, pro- 
ceed as follows: 


1. The resolution in the —1V to 0.998V range is 2mV, 


Let D = .002 
2. The range digit is 1 for the low range, so add 1 
to the left of the three magnitude digits, 
Let R = 1000 
3. The magnitude portion (M) is calculated by 
adding 1 to the desired negative or positive out- 
put voltage (V) and dividing this sum by the least 
significant digit D. The magnitude portion must 
be rounded off to exactly 3 digits. 
M = INT (V + 1)/D + 0.5) 
4. Combine range and rounded off magnitude pot- 
tion to obtain the correct data word value (N), 


N=R+M 
Example, desired voltage = —0.5123V 

D = .002 

R = 1000 


M = INT (—5.123 + 1)/.002 + 0.5) 

M = INT (+0.4877/.002 + 0.5) 

M = INT (243.85 + 0.5) 

M = INT (244.35) 

N = 1000 + 244 = 1244 
In this example, the desired output voltage is —0.5123V 
but the actual output is —0.512V because the resolution is 
2mV (.002): 


V = (Mx D) --1 

V = (244 x .002) — 1 
V =0.488 — 1 

V = —0.512V 


3-28 High Range. The desired output voltage values are 
from —10V to +9.98V. Calculations are similar to those 
for the low range, except resolution is 20mV on the high 
range, and 10 must be added to desired positive or negative 
output voltage in order to calculate the correct magnitude 
digits. For this range, the equation for the magnitude 
portion (M) of the data word value is: 

M = INT ((V + 10)/D + 0.5) 
Example, desired voltage = —5.123V 

D=.02 

R = 2000 

M = INT ((—5.123 + 10)/D + 0.5) 

M = INT (243.85 + 0.5) 

M = INT (244.35) = 244 

N = 2000 + 244 = 2244 
In this example, the desired output voltage is —5.123V but 
the actual output is —5.12V because the resolution is 20mV 
(.002): 

Vv = (Mx D) —10 

V = (244 x .02) — 10 

V = 4.88 — 10 

V=—5.12V 


3-29 Sending Data Words 


3-30 Before a data word is sent, a command must be 
issued establishing the controller as the ‘talker’ and the 
59501B asthe “‘listener’’. The following examples assume 
that the controller (9825A calculator) has been assigned it stan- 
dard talk and listen addresses of ‘‘U’’ and ‘‘5" respectively, and 
the 59501B has been assigned a listen address of “&'’. 


3-31 Example 1 illustrates a command statement issued 
by a 9825A calculator. Note that in addition to the 
calculator talk address ‘‘U” and the 59501B listen address 
"&"" the address code of the HP-IB Interface Card 
(98034A) must be included. It is assumed that the interface 
card has been assigned its standard select code of ‘7’. 
The 9825A command statement also includes a constant 
data value of ‘1256" which is sent to the 59501B. 


Example 1. Sending a Constant Data Value 
(98254 Command Satement) 


59501B Listen Address 
Calculator Talk Address 
Unlisten Command 

98034A Select Code z 


Range Digit 
Magnitude Digits 


cmd 7, “?U&" , "1256" 
Data Word 


3-32 Example 2 illustrates a write statement (9825A 
calculator) which can also be used to address the 59501B 
to listen and send a constant data value. The 59501B: listen 
address of ““&’’ corresponds to an address of G6” as defined 
in the 9825A General 1/O ROM manual (09825-90024) 
Chapter 4. Note the format statement (line 0) used in 
Example 3. The ’’c” specifies a character field, while the 
“2" is used to suppress carriage return/line feed codes at the 
end of the write statement. Suppression of the carriage 
return/line feed codes is essential when programming the 
59501B . If they are not suppressed, they will be processed 
as data characters by 59501B resulting in an undesired 
output. 


Example 2. Sending a Constant Data Value 
(9825A Write Statement) 


Suppresses CR/LF Codes 


@: fmt 1,c,z 

1: wrt 706.1, “1250” 
98034A Select 59501B Address 
Code 
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3-33 Command statements can only be used to send 
data constants. Write (9825A) statements can be used to 
send data constants but must be used to send variables. 


3-34 Example 3 illustrates how a write statement (9825A) 
is used to send variable data to the 59501B . If variable N in 
line 1 were equal to 125G, this example would program the 
same output as the previous examples. Format specification 
f4.0 deletes leading spaces and the z suppresses the CR/LF 
codes for the same reasons as described above. 


Example 3. Sending Variable Data 
(9825A Write Statement) 


G: fmt 1, f4.4, z 
1: wrt 766.1, N 


3-35 USING 59501B AS A POWER SUPPLY 
PROGRANMIMER 
3-36 Power supply programming is accomplished using 


the digitally controlled output voltage of the 59501B in 
conjunction with the ZERO ADJUST and POWER SUPPLY 
FULL SCALE ADJUST controls on the 59501B front panel. 
By making the appropriate connections between the 
59501B’s output terminals and the voltage programming 
terminals of a dc power supply, the output voltage (or cur- 
rent) of the power supply can be programmed from zero to 
the full rated output. This method of programming is 

called voltage programming with gain. 


3-37. Voltage Programming With Gain 

3-38 HP programmable power supplies have certain 
features in common. These features include: an internal 
reference (either a fixed regulated voltage or a fixed regu- 
lated constant current source), voltage and current compara- 
tors with their input terminals, and front panel controls 
(voltage and current) with connections at the rear panel 
terminals. A power supply can be controlled by making 

the appropriate connections on the rear panel and applying 
an external voltage (or in some cases current). For example, 
by disconnecting the internal reference voltage from the 
input circuits of the constant voltage comparator and 
replacing it with an external voltage source, the output 
voltage of the power supply is programmed by the value of 
the external voltage source. 


<<< 


«= ee 


3-39 Figure 3-4 illustrates the method by which a power 
supply’s constant voltage output can be programmed using 
an external voltage with a voltage gain dependent upon the 
ratio of Rp to Rp. Note that this method is no different 
from the circuit normally used for constant voltage control 
of the output except that an external reference (the pro- 
gramming voltage source) has been substituted for the 
internal reference. On most supplies, external terminals 

are available so that the connections shown in Figure 3-4 
can be accomplished without any internal wiring changes. 
In all HP remotely programmable power supplies, the 
summing point S is made available, and the configuration 
of Figure 3-4 can always be accomplished using the external 
programming voltage source Ep and external precision wire- 
wound resistors Rp and Rr. (Rp should not exceed 10k.) 
As indicated by the equation in Figure 3-4, Rp can be 
selected so that the resulting voltage gain is either less or 
greater than unity. It is possible to use the front panel 
control on the supply as the voltage gain control Rp. 
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Figure 3-4. Voltage Programming with Variable Voltage Gain 


3-40 Constant Voltage. Figure 3-5 illustrates the con- 
nections required for the 59501B to program the constant 
voltage (CV) output of a typical HP power supply. Note 
the similarities between Figures 3-4 and 3-5. The 59501B 
includes Rr (R76), Rp (COARSE and FINE POWER 
SUPPLY FULL SCALE ADJUST), and Ep ( 59501B output 
between terminals A1 and A2). The extra resistor (R77) 
between terminals AS and AG is used only when program- 
ming power supplies above 300 volts. 


3-41 As shown in Figure 3-5, the supply’s internal 
reference voltage (+Vaef) and VOLTAGE control are 
disconnected (dotted lines) and are replaced with the 
59501B’s output voltage and POWER SUPPLY FULL 
SCALE ADJUST. Note that in the unipolar mode, 59501B 
output terminal A1 is negative with respect to A2. This 
polarity must be complied with when making connections. 
The connections shown in Figure 3-5 are typical for most 
supplies. 


3-42 Constant Current. Figure 3-6 illustrates the 
connections required for the 59501B to program the out- 
put current of a typical HP power supply. Programming 
constant current consists of replacing the internal reference 
with the output voltage from the 59501B and replacing 
the internal CURRENT control with the POWER SUPPLY 
FULL SCALE ADJUST controls on the 59501B. With 
these connections, the voltage developed across POWER 
SUPPLY FULL SCALE ADJUST (Rp) becomes the reference 
against which the voltage drop across the output current 
monitoring resistor (Rng) is compared. The relationship 
between Ep and the supply’s output current depends upon 
the resistance ratio Rp/Rp and on the constant current pro- 
gramming coefficient (Kp) of the particular supply. The 
relationship between input voltage and output current is, 
lout = (Ep x Rp ) = (Kp x Rp) 
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Figure 3-5. Typical Connections for CV Programming 
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Figure 3-6. Typical Connections for CC Programming 


3-43. 59501B/HP Power Supply Connections 
3-44 Table 3-1 lists the HP Power Supplies that can be 
programmed on the HP-IB using the 59501B. The table 
specifies if a supply is capable of CV and/or CC programming 
with the 59501B and also lists the applicable 59501B /power 
supply connection diagram. The accuracy of a power supply/ 
59501B combination is the sum of the 59501B’s accuracy 
plus the accuracy of the particular power supply. 59501B 
power supply programming accuracy specifications are given 
in Section I. 


NOTE 


One 59501B can only program a supply’s CV or 

CC output. If it is desired to program both CV 

and CC on the HP-IB, two 59501B ’s are required 
with their address switches set to different addresses. 
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3-45 The leads (AWG No. 24, minimum) connecting the 
59501B to the power supply should be twisted to reduce 
noise pickup. The longer the connecting leads, the more noise 
that can be introduced. Shielding will further improve noise 
rejection. After completing the connections, install the pro- 
tective covers over the terminal strips on the 59501B and 

on the supply. 


Table 3-1. HP Power Supply/ 59501B Capability Guide 


59501B Programming 
Capabilities 


Power Supply Model 


6002A 

6012A 

6024A 

6101A, 02A 
6104A, 05A 
6106A 
6111A-13A 
6114A, 15A 
6116A 

6177C, 81C, 86C 
6200B-03B 
6204B-06B 
6207B, 09B 
6220B, 24B, 26B 
6227B, 28B 
6253A, 55A 
6256B-6274B 


6282A, 85A, 86A, 90A, 
91A, 96A 
6427B-6448B 


6453A, 56B, 59A 
6464C 
6466C-6483C 
6823A, 24A 
6825A-6827A 


3-46 CV Programming Connections. Figures 3-7 through 
3-13 illustrate the connections required to program the CV 
output of the applicable power supplies. The dotted line 
connections represent jumpers which must be removed. All 
other jumpers must be installed as illustrated. Note that 
only those power supply terminals pertinent to CV program- 
ming are shown. Complete terminal strip details are pro- 
vided in the appropriate power supply Operating and Service 
Manual. Most of the supplies are programmed using the 
connections illustrated in Figure 3-7. The specific connec- 
tions for each supply are tabulated on the diagram. 


3-47 Special Protection Circuit. As indicated on Figure 
3-7, some of the supplies contain a special protection circuit 
which must be considered when programming with the 
59501A. The supplies affected are models 6256B through 
6274B, 6282A, 6285A, 6286A, 6290A, 6291A, and 6296A. 
Down programming the output voltage of these supplies may 
activate the special protection circuit. When this occurs, the 
power supply’s load cannot draw more than 10% (approx.) 
of rated output current until the protection circuit resets. 

If it is desired to program the output voltage down to a 
lower value without the need to draw full output current, 
the reset time is not important. The reset time can take 
from 500msec to 6 seconds depending upon the particular 
model, the load, and the starting and the ending voltage 
values. For example, the actual output voltage of a 6264B 
supply takes only 80msec for its output to go from 20 volts 
down to .1% (20 millivolts), but it will be about 800 milli- 
seconds before the circuit resets allowing the full output 
current to be supplied to the load. Additional information 
concerning this protection circuit is provided in HP-IB/ 
Power Supply Guide, HP Part No. 5952-3990. 


3-48 Special Option J30. An additional circuit, desig- 
nated special Option J30, is required when CV programming 
models 6427B through 6448B and 6466C through 6483C. 
The Option J30 circuit is a voltage-to-current converter and 
is required because the 59501B is essentially a constant 
voltage source. The above supplies utilize current sources in 
their programming networks. The programmable 0 — 10V 
output of the 59501B is connected to the Option J30 input 
terminals (+ and —) on the rear of the supply as shown in 
Figure 3-10. One characteristic of the J30 converter is that 
if its input is open circuited, the output of the power supply 
will rise to about 25% of its rating. With the 59501B con- 
nected, the open circuit condition is prevented because a 
protection circuit in the 59501B presents alow impedance 
to the J30 input when ac power is removed from the 59501B 
(see paragraph 4-13). 


3-49 If the Option J30 power supply’s front panel 
VOLTAGE controls are left connected in the circuit, they 
must be set to maximum resistance (fully CW). If they are 


for all programming voltage received from the 59501B. As 


indicated on Figure 3-10, the user may disable the front 
panel VOLTAGE controls and connect the 59501B’s 
POWER SUPPLY FULL SCALE ADJUST in their place. 
Refer to the applicable power supply’s Operating and 
Service Manual for additional connection information. 


NOTE: The dotted line connections represent jumpers 


which must be removed. All other jumpers must be installed. 


HP POWER SUPPLY (SEE TABLE) 


CV 
COMPARISON 
AMPLIFIER 


595018 


(ZERO ADJUST] 


= 


LCOARSE | 


ee 
MODEL NO. = 
wal 


REMARKS 


IF THE GOO2A IS EQUIPPED WITH OPTION 
001, MOCE SWITCH ON 6002A MUST EE 
SET TO CC OR LOCAL. 


6101A, O2A, O6A 


[peslaieslanmie | O5A,14A,15A 


ee 12A,13A,16A 


6200C, 04B, O5C, O6B, 208 


6201B, 028,038,078, 208, 
248, 268,53A, 55A,81A, 849A, 
869A ,94A,99A 


62278, 288 


| 
62568, 598 ,608 618 ,638,| A3 
648 ,658 668,678,688, || 
698, 718 ,74B | 
6282A,a5A,86A.90A, | a5 | 
91A,96A | 


A2 


/Aa/a3 595018 (SEE PARAGRAPH 3-47) 


REMOVE JUMPER BETWEEN A8 AND -S 
(POWER SUPPLY TERMINAL A8 1S NOT 
SHOWN ON THE CONNECTION DIAGRAM ) 


IS SIGNIFICANTLY REDUCED WHEN 
PROGRAMMING WITH 595013. 


PRECISION POWER SUPPLIES: ACCURACY 
|S SIGNIFICANTLY REDUCED WHEN 
PROGRAMMING WITH 595018 


REMOVE JUMPER BETWEEN AS AND -S 
(POWER SUPPLY TERMINAL 43'S NOT SHOWN ON 
THE CONNECTION DIAGRAM) PRECISION 
POWER SUPPLIES - ACCURACY iS SIGNIFI- 
CANTLY REDUCED WHEN PRGMING WITH 5945083. 
IOUAL RANGE UNITS. FRONT PANEL RANGE 
SWITCH MUST BE SET TO CES!RED OPERATING 
VOLTAGE. ALSO ACAPACITOR IS REQUIRED 
|BETWEEN TERMINALS A6 AND -S TO MAINTAN 
PARD PERFORMANCE. REFER TO APPLICASLE 
O @ S MANUAL PARTS LIST AND USE THE 
SAME VALUE FOR THE CAPACITOR AS THAT 
LISTED FOR Cl 

| A CAPACITOR IS REQUIRED BETWEEN TER- 
MINALS A6 AND -S TO MAINTAIN PARDO PER- 
FORMANCE. REFER TO APPUCABLE O€&S 
|MANUAL PARTS LIST AND USE THE SAME 
\WALUE FOR THE CAPACITOR AS THAT LISTED 
FOR C1 


NTAIN PARD PERFORMANCE. REFER TO 


HAT USTED FOR C1. 

A 5p F CAPACITOR AND A 242 RESISTOR 
|(CONNECTED IN SERIES BETWEEN TERMINALS 
A2 AND -S) ARE REQUIRED TO MAINTAIN 
PARD PERFORMANCE. SEE 6227B/62288 
;O & S MANUAL FOR WIRING INSTRUCTIONS. 


Al | THESE SUPPLIES CONTAIN SPECLAL PRO- | 


TECTION CIRCUITS WHICH MUST BE CON- 
SIDERED WHEN PROGRAMMING WITH THE 


| 
| 


PRECISION POWER SUPPLIES. ACCURACY | 


FOR MOCEL 62098 (320V OUTPUT) CONNECT 
|-S TO TERMINAL AS ON THE 595018 INSTEAD 
OF TERMINAL AS5. ALSO A CAPACITOR iS RE- 
IQUIRED BETWEEN TERMINALS A6 AND -S TO 


Cree O &S MANUAL PARTS LIST AND 
SE THE SAME VALUE FOR THE CAPACITOR 4S 


i] 
| 


| 
aes | 
' 
| 


rotated CCW, the output of the supply will be decreased Figure 3-7. CV Programming Connections for HP Power 


Supplies with +S Common 
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595018 __ 


| ZERO ADJUST 


@ 
1- MONITOR . | 


AMPLIFIER 
P/O <i : (-)AN “al 
CC COMPARISON é 
AMPLIFIER (Ep) 
E 3 a2 


‘ oe A3 
CV COMPARISON AG (RR)SR76 
AMPLIFIER Sc a 
POWER 
SUPPLY 
FULL 
ADJUST 


Figure 3-8. CV Programming Connections for HP Power 
Supply Model 6012A 


P/O 
CV COMPARISON 
AMPLIFIER 


Figure 3-9. CV Programming Connections for HP Power 
Supply Model 6024A 
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NOTE: The dotted line connections represent jumpers which must be removed. All other jumpers must be installed. 


HP POWER SUPPLY 
HP POWER SUPPLY (6453A, 6456B, OR 6459A) 
(64278-64488, 6464C -6483C) 


[ZERO ADJUST} 


® 


Cc 
(PROGRAMS 

OUTPUT 

VOLTAGE 


OF 
SUPPLY ) 


* FACTORY INSTALLED SPECIAL cv 
OPTION (J30) REQUIRED ON ee 
POWER SUPPLY (SEE PARA 3-48) 


POWER | 
x” MAY BE USED IN PLACE OF teotchcealll) 


POWER SUPPLY'S VOLTAGE : el 
VOLTAGE FULL 

CONTROL [VOLTAGE] ame | 

ADJUST } 


R77 


Figure 3-10. CV Programming Connections for HP Power Figure 3-11. CV Programming Connections for HP Power 
Supply Models 6427B-6448B and 6466C-6483C Supply Models 6453A, 6456B, and 6459A 


BIPOLAR POWER SUPPLY 
AMPLIFIER 


(SEE TABLE BELOW) 59501B 


| 
| 
| 
| 


MODEL No. | AMPLIFIER eae 
ak hoe “| INPUT TERMS = 
% INTERNAL JUMPER (DESIGNATED R7 ON SCHEMATIC IN 6464C oe ae 
O&S MANUAL ) MUST BE REMOVED. 
3% VOLTAGE PROGRAMMING WITH UNITY GAIN-6464C OUTPUT 6823A, 24C pea] SET Beye PANEL MODE SWITCH 
VOLTAGE VARIES IN A1TO1 RATIO WITH 59501B PROGRAMMING TO AMPLIFIER. 


VOLTAGE. 6825A, 26A, SET FRONT PANEL MODE SWITCH 
27A TO VAR GAIN AMP. SET RANGE 
SWITCH TO DESIRED OUTPUT 
RANGE. 


Figure 3-12. CV Programming Connections for HP Power Figure 3-13. CV Programming Connections for Bipolar 
Supply Model 6464C Power Supply Amplifiers 6423A, 6824C, 6825A-27A 


3-50 CC Programming Connections. Figures 3-14 
through 3-20 illustrate the connections required to program 
the CC output of the applicable power supplies. The dotted 
connections represent jumpers which must be removed on 
the supply's rear terminal strip. All other jumpers must be 
connected as illustrated. Note that only those power supply 
terminals pertinent to CC programming are shown. Complete 
terminal strip details are provided in the appropriate power 
supply Operating and Service manual. Most of the supplies 
are programmed utilizing the connection diagram of Figure 
3-14. The specific connections for each supply are tabulated 
on the diagram. In all cases (Figures 3-14 through 3-20), 
the 59501B’s programming output voltage is substituted for 
the supply’s internal reference and the 59501B’s POWER 
SUPPLY FULL SCALE ADJUST potentiometers replace 


the supply’s front panel CURRENT control. 

: ; : Cc 
NOTE: The dotted line connections represent jumpers SOSA ae ee 
which must be removed. All other jumpers must be 


3 6200C, O18, 028, 038, 
installed. 078, 098, 208, 248, 26B 


62278, 288 | a5 | a6 | 


6256B,59B,608,61B,638 | A7 

64B, 658, 668, 688,698, 

718, 74B** 

6281A, 84A, 89A, 940,990 faa [ar | a3 | 


6282A, 85A,86A,90A,91A,| ABS | Al , AG | AT 
| 86a | 


* IF THE 6002A IS EQUIPPED WITH OPTION OOI, 
THE MODE SWITCH ON THE 6002A MUST BE SET 
TO CV OR LOCAL. 


%* IN THESE SUPPLIES Al AND A3 OF THE-5950!B ARE 
JUMPERED TOGETHER, NOT A! AND AG 


Figure 3-14. CC Programming Connections for HP Power 
Supply Models with +S Common 


Figure 3-15. CC Programming Connections for HP Power 
Supply Model 6012A 
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595018 
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CV COMPARISON 
AMPLIFIER 


ZERO ADJUST 


| 
1-MONITOR J 
AMPLIFIER (+) (Ep) 
A2 
a) 
(RR 


)SR76 


Figure 3-16. CC Programming Connections for HP Power 
Supply Model 6024A 


HP CONSTANT CURRENT SOURCE 
HP POWER SUPPLY _(6I77C, 6IBIC, OR GIBEC) nx 


(6104A, 6IO5A,6114A OR 6II5A) 


(ZERO ADJUST 


] 
| 
| ea 
| i. 
ec | (At 7 
COMPARISON | 
AMPLIFIER 


| 
| 
| 
| 
| 


% RESISTOR AIR35 (6I77C, 6I8IC) OR AIR32 (6186C) MUST BE REMOVED. 
x # PROGRAMMING IS LIMITED TO RANGES SELECTED BY FRONT PANEL SWITCH, 


Figure 3-17. CC Programming Connections for HP Power Figure 3-18. CC Programming Connections for HP 
Supply Models 6104A, 6105A, 6114A, and 6115A Constant Current Sources 6177C, 6181C, 6186C 
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NOTE: The dotted line connections represent jumpers which must be removed. All other jumpers must be installed. 


HP POWER SUPPLY 
EASE SAAC SSAC ESSE 


COMPARISON 
AMPLIFIER 


Figure 3-19. CC Programming Connections for HP Power 


Supply Models 6453A-6459A, 6464C-6483C 


3-51 Power Supply CV Programming 
3-52 The following paragraphs provide calibration 
procedures and a sample program which are applicable to 
all supplies listed for CV programming in Table 3-1. Cali- 
bratinga supply for CV programming with the 59501B 
consists essentially of two adjustments: 
1. Setting the supply’s output to OV when the 
59501B is programmed to Zero. 
2. Setting the supply’s output to a desired maxi- 
mum value when the 59501B is programmed 
to maximum. 


3-53 The maximum desired power supply output can 
be set to any value within the rating of the supply. For 
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BIPOLAR POWER SUPPLY 


_ AMPLIFIER (6825A-G827A) 595018 


POSITIVE 
CURRENT 
COMPARISON 
AMPLIFIER 


E SWITCH TO POWER SUPPLY AND CURRENT CONTROL 
FROM THE PSA. BE CAREFUL 
ABOVE CONNECTIONS NOT MADE. 


SET PSA MOD! 
CLOCKWISE REMOVE A2R20 AND A2R22 
NOT TO TURN PSA ON WITH ALL 


Figure 3-20. Positive CC Programming Connections for 
BPS/A‘s 6825A-6827A 


example, if only 20V maximum is required for a model 
6266B supply (40V rating), the 6266B output range should 
be calibrated for OV to 20V. Since the 59501B is program- 
mable in 999 steps (magnitude digits 000-999), resolution 

is 20/999 (about 20mV) in the high range and 2/999 (about 
2mV) in the low range. If the supply is calibrated for the 
full 40V rating, the resolution is 40mV (approx.) even 
though the supply would never be programmed above 20V. 


3-54 Note that for a 20V full scale output, it is usually 
better to calibrate the full scale setting to 99.9% of 20V 
or 19.98V. The reason for this is that the resolution will 
be 19.98/999 or exactly 20mV per step. However, if it is 
imperative to calibrate the output to exactly 20V, the 
resolution is 20/999, or 20.02002mV per step. Thus, the 


user must determine the importance of having a round 
number for resolution when writing programs. 


3-55 Calibration. To calibrate a 59501B/power supply 
combination for CV operating, proceed as follows: 


3-56 Test Setup. 

a. Connect 59501B to an HP-IB controller. 

b. Connect 59501B to power supply (CV program- 
ming), see Table 3-1. 

c. Connect DVM between +S and —S terminals 
on the power supply. 

d. On 59501B, set mode switch to UNIPOLAR 
and turn POWER SUPPLY FULL SCALE 
ADJUST (COARSE and FINE) fully CCW. 
Also, if power supply has a front panel 
CURRENT control, set it to mid-range (approx.) 


3-57 Calibration Procedure. 
a. Apply power to the controller, the 59501B , and 
the power supply. Allow 30-minute warm-up. 
b. With the power supply’s output terminals 
(+ and —) open circuited, program the 59501B 
to maximum high range ‘2999.’ 
Adjust POWER SUPPLY FULL SCALE 
ADJUST (COARSE and FINE) on 59501B for 
desired maximum output voltage (or 99.9% of 


© 


desired max., see paragraph 3-54) using the DVM. 


d. Program 59501B to zero output ’’2000.”” 

e. Set ZERO ADJUST on 59501B for 6.600 
reading on DVM. 

f. Program 59501B to ’’2999” and set POWER 
SUPPLY FULL SCALE FINE ADJUST on 
59501B_ for desired maximum output voltage. 
If necessary, use D/A FULL SCALE ADJUST 
to obtain the required resolution. 


NOTE 


If the supply has a front panel CURRENT 
control, perform the following steps. 


g. Program 59501B to Zero output 2600". Con- 
nect a short across supply’s output terminals. 

h. Program 59501B to 2999” and adjust the sup- 
ply’s front panel CURRENT control for the desi- 
red maximum output current. If a load change 
causes this current limit to be exceeded, the 
supply automatically crosses over to constant 
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current operation at this preset current limit 

and the output voltage drops proportionally. If 

desired, the front panel CURRENT control can 

be disabled and replaced with a fixed resistor of 

appropriate value (see applicable power supply 

Operating and Service Manual). 

i. Program ‘'2000’. Remove short from supply’s 
output terminals and connect load. 


3-58 Sample Program. A sample program for controll- 
ing power supply CV outputs is given in example 4. The 
program is written specifically for a 9825A calculator but 
could be modified for use with other calculators. The pro- 
gram contains calibration and setup routines and allows the 
Operator to input specific voltage values on the keyboard. 
The program also includes automatic changing of ranges 
and error messages that indicate when the voltage re- 
quested by the operator exceeds the maximum value 
available or when a negative voltage is requested. A line- 
by-line explanation is given after the program. Program- 
ming fundamentals are provided in paragraphs 3-17 through 
3-34. 


3-59 The sample program requires use of the General 
1/O and Extended !/O ROM's. After keying in the program, 
press RUN on the calculator. All operations required to 
complete the program are given on the calculator display. 
After each operation is completed, press CONTINUE. The 
operator enters the maximum desired output voltage value 
(e. g. 20) when ‘‘Enter maximum output voltage” appears 
on the display. The program automatically uses 99.9% of 
this value (e. g. 19.98) to calibrate the supply (see paragraph 
3-54). After connecting the load, the operator enters the 
desired output voltage (line 13) on the keyboard and 

press CONTINUE. If it is desired to recalibrate the power 
supply (change the maximum desired output voltage) press 
STOP and then press RUN. 


NOTE 


The program listings provided in the following 
examples are taken from an HP 9866B printer. 
These listings are provided only because 9866B 
printouts are easier to read than printouts 

from the 9825A’s internal strip printer. Also, 

a check sum is provided at the end of each 9825A 
program listing. Make sure that the check sum at 
the end of your keyed-in program matches the 
check sum provided in the listing. 


Example 4. 9825A Sample Program, Constant Voltage - Unipolar Mode 


“UNTFOLAR Fower Supely Voltage Cuteut '¢ 
dsp "Set SSSG1B to UNIFOLAR"; ste 
dsp "Turn PSFS ADJ fully COM"Sstr 
ent “Enter maximum cutout woltase "ae 
E“1HG83DiE-D4E COMMAND STATEMENT 
cad Ps "PUR" "2999" “cre para 3-32) 
dsr "Set PRES Ag. J at i 
coma Fa FUR s 
dee “Set 7ERO “FIDL 
md Fa Ue Saag 

dee “Adgust Ses FINE HS for “sees 

cmd Ps “FURS” 

dsp “Connect teed to supply "4d 
ent “Enter desired outrut vol 
if Wieder "No neaotive woltaae 

R: cen Praca bk Tk 


aide, deff ae a 


+. gs 


ha [ee i 


ye. Sj as se ae oe ae ae ue ne 


tty 


stp 
ta 


=f ef se as sf ce 


i3 
FORMAT AND WRITE STATEMENTS 
(SEE PARA 3-36) 


a! 
st 
iit 


4 
an 
oS 
3 
i 
i 
1 
i 
i 
{ 
i 
i 
i 
i 


ee ie ey LP Te. 


ml te ne ss ne 


Explanation: 

1-2: Setup instructions. 

3: User enters desired maximum output voltage on keyboard (e. g. 10, 20,:50, 100, etc.). 

4: Resolution is calculated and the maximum desired output is changed to 99.9% of voltage entered’in line 3 


(see paragraph 3-54). 

5-10: Calibration routine using ZERO ADJUST and POWER SUPPLY FULL SCALE ADJUST (COARSE and FINE) 
controls on 59501B front panel. 

11-12: Output is programmed to zero. Load is connected to power supply’s output terminals (see applicable 
power supply Operating and Service manual). 

13: User inputs desired voltage on keyboard. 

14-15: If the voltage requested (line 13) is negative or too high, the appropriate error message appears on the display 
for three seconds and then the program returns to line 13. 

16-17: Proper range is selected and correct data word value (N) is calculated for the voltage requested. 

18: Data word (N) representing the desired output voltage is sent to the 59501B. Format f4.@ deletes leading 
spaces and z suppresses the carriage return/line feed codes (see paragraph 3-34). 
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3-60 BPS/A CV Programming 

3-61 The following paragraphs provide calibration 
procedures and a sample program for bipolar power supply/ 
amplifier (BPS/A) models 6824A through 6827A. Calibra- 
tion consists of setting the BPS/A’s desired bipolar output 
range when the 59501B is programmed to its maximum 
negative and positive limits. The desired bipolar range can 
be set to any value within the rating of the particular 
BPS/A. For example, the maximum output range of model 
6826A is from —50V to +50V. To calibrate this range, the 
—50V output is calibrated with the 59501B programmed 

to ''2000” and the +50V output is calibrated with the 
59501B : programmed to ‘’2999"’. Since the 59501B. is pro- 
grammable in 999 steps, resolution is approximately 100mV 
(100/999). Note if it is desired to have a resolution equal 
to exactly 100mV, the positive limit is set to +49.9V instead 
of +50V. For this range (—50V to +49.9V), the resolution 
is exactly 100mV (99.9V/999). 


3-62 Calibration. To calibrate a 59501B/BPS/A com- 
bination for CV operation proceed as follows: 


3-63 Test Setup. 

a. Connect 59501B to an HP-IB controller. 

b. Connect 59501B to BPS/A as shown in Figure 
3-11. 

c. Connect DVM between +S and —S terminals 
(models 6825A-6827A) or between OS and CS 
terminals (models 6823A, 6824A). Connect 
DVM common to —S or OS terminal. 

d. On 59501B , set mode switch to BIPOLAR. 

e. On BPS/A, set mode switch to VAR GAIN 
AMP (models 6825A-6827A) or AMPLIFIER 
(models 6823A, 6824A). Also, turn VOLTAGE 
(Gain) controls on BPS/A fully CCW. 

f. On BPS/A models 6825A through 6827A only, 
set RANGE switch to desired output range and 
set CURRENT control to mid-range (approx.). 

3-64 Calibration Procedure. 


a. Apply power to the controller, the 59501B , and 
the BPS/A. Allow 30-minute warm-up. 

b. With the BPS/A’s output terminals open circuited, 
program the 59501B to maximum positive 
output 72999". 


c. Adjust VOLTAGE control on BPS/A and D/A 
FULL SCALE ADJUST on 59501B for the 
desired maximum positive output (or 99.9% of 
desired max., see paragraph 3-60) using DVM. 

d. Program 59501B to maximum negative output 
"2006". 

e. Set ZERO ADJUST on 59501B for the desired 
maximum negative output from BPS/A using 
DVM. 

f. Program 59501B to maximum positive output 
"2999", 

g. Set D/A FULL SCALE ADJUST for the desired 
maximum positive output from BPS/A. 

h. Repeat steps d through g until best possible 
accuracy is achieved. 


NOTE 


The following steps apply only when 
calibrating BPS/A models 6825A-6827A. 


i. Program 59501B to ‘2500. Connect a short 
across BPS/A’s output terminals. 

j. Program 59501B to 2999” and adjust the 
BPS/A’s front panel CURRENT control for the 
desired maximum output current. Ifa load 
changes causes this current limit to be exceeded, 
the supply automatically crosses over to con- 
stant current operation at this preset current 
limit and the output voltage drops proportionally. 

k. Program 2506". Remove short from output 
terminals and connect load. 


3-65 Sample Program. Example 5 is a sample program 
using a 9825A calculator. The program contains calibration 
and setup routines and allows the operator to input specific 
Positive or negative voltage values on the keyboard. The 
program also includes automatic changing of ranges and an 
error message if the voltage requested by the operator exceeds 
the maximum bipolar value available. A line-by-line explan- 
ation is given after the program. Programming fundamentals 
are provided in paragraphs 3-17 through 3-34. 


3-66 |The sample program in example 5 requires use of 

the General 1/O and Extended |/O ROM’s. After keying in 
the program press RUN on the calculator. All operations 
required to complete the program are given on the calculator 
display. After each operation is completed, press CONTINUE. 


Example 5. 9825A Sample Program, Constant Voltage - Bipolar Mode 


Facet 
Feat! 


oso #5 gn 


“BIPOLAR Power Sueedis Violtose Chitmeui "s 
fred 3 
33581B to BIPOLAR": str 

"Turn VOLT ADL fuldle COW" sate 
"ERLE MOS NESt OuUbRUt wolitage es Ma gke cpa eh 

Zhe LBA sT a N-T4P 

cad Fe "SUR ss "Sao" 

dsp "Set VOLT & D“A FS for"sPsste 

oma Fa "PUR" “SRR 

ent “Enter DVM reading" Stakes kh aes 

CAR oo ey 

dere “Set SERO ADL! for can 

med Fa FUE : 

dse “Readdust DA Fo Aud for": 

cmd fs TUR “SRR” 

dsp “Commect load to EPS“ACS 

ent “Eriter desired woltagett+ oro -, 
Veo-Moor Weider "“Yolnage too hia” § 
Wi=,1P and Yo=-L I Ni teebt+intiocye+, 
Btintoowth ae De. Bish 


isf4.8szsurt Fhe. labiata ik 


uo fe one 


fe oct 


li 


aap ot ts te 3 
1 et fy we 8 es os 


um tf te as 


ABMS os 
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Explanation: 

1: Sets fixed point format with three digits to the right of the decimal. This allows for better accuracy in the 
adjustments specified in lines 7 and 11. 

2-3: Setup instructions. 


4-13: | Calibration routine using VOLTAGE (GAIN) control on BPS/A and the ZERO and D/A FULL SCALE ADJUST 
controls on the 59501B. Note that in line 10 an average value is calculated so that the adjustment can be 
completed in the minimum number of steps. 

14-15: BPS/A output is programmed to zero. Load is connected to BPS/A output terminals. 

16: User inputs desired output voltage (+ or —) on the keyboard. 

17: If voltage requested (line 16) is too high, ‘Voltage too high” appears on the display for three seconds, and 
then the program returns to line 16. 

18-19: Proper range is selected and correct data word value (N) is calculated to represent the voltage requested. 

20: Data word (N), representing the requested output voltage (+ or —), is sent to the 59501B. Format f4.@ 
deletes leading spaces and z suppresses the carriage return/line feed characters. If leading spaces are not 
deleted and the CR/LF characters are not suppressed, the output will go to an undesired value 
(see paragraph 3-34). 
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3-67 CC Programming 
3-68 The following paragraphs provide calibration pro- 
cedures which are applicable to all power supplies listed 
for CC programming in Table 3-1. Calibrating the supply 
for CC programming with the 59501B consists essentially 
of two adjustments: 
1. Setting the supply’s output current to zero 
when the 59501B is programmed to zero. 
2. Setting the supply’s output current to a 
desired maximum value when the 59501B is 
programmed to maximum. 


3-69 Calibration. To calibrate a 59501B/power supply 
combination for CC programming, proceed as follows: 


3-70 Test Setup. 

a. Connect 59501B to an HP-IB controller. 

b. Connect 59501B to power supply (CC program- 
ming), see Table 3-1. 

c. Connect a resistive load in series with an external 
current monitoring resistor across supply’s out- 
put terminals. Refer to Section V of applicable 
Operating and Service manual for resistor values, 
power ratings, and CC test setup diagram, etc. 
Connect a DVM across the current monitoring 
resistor. 

d. On 59501B , set mode switch to UNIPOLAR 
and turn POWER SUPPLY FULL SCALE 
ADJUST (COARSE and FINE) fully CCW. 

e. On power supply, set front panel VOLTAGE 
control fully CW. 


3-71 Calibration Procedure. 

a. Apply power to the controller, the 59501B 
and the power supply. Allow 30-minute warm- 
up. 

b. Program 59501B to 2999" and set POWER 
SUPPLY FULL SCALE ADJUST (COARSE 
and FINE) for desired maximum output current. 
(Voltage reading on DVM must be converted 
to the equivalent output current). 

c. Program 59501B to ’20@0’Land set ZERO 
ADJUST on 59501B for zero output current. 
Note that for power supply models 6427-6483, 
zero current may not be attainable. When cali- 
brating the CC output of one of these supplies, 
choose a convenient point, e. g. 10% or 20% of 
maximum output and set ZERO ADJUST to 
obtain this value. Data words 21060” and 
22606” correspond to the 10% and 20% output 
points, respectively. 

d. Program 59501B to ‘2999’ and set POWER 
SUPPLY FULL SCALE FINE ADJUST on 
59501B. for desired maximum output current. 
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If necessary use D/A FULL SCALE ADJUST 
to obtain the required resolution. 

e. Turn off supply and open output terminals. 
Turn on supply. 

f. Adjust power supply’s VOLTAGE control for 
the desired maximum output voltage. Ifa load 
change causes this voltage limit to be exceeded, 
the supply automatically crosses over to con- 
stant voltage operation at this voltage limit 
point and the output current drops propor- 
tionally. If desired, the front panel VOLTAGE 
control can be disabled and replaced with a 
fixed resistor of proper value (see applicable 
power supply Operating and Service manual). 


3-72 Sample Program. The sample program provided in 
example 4 can easily be modified for CC programming by 
substituting | (current) for V (voltage) and by monitoring 
the output current using the test setup of paragraph 3-70. 


USING 59501B AS A LOW LEVEL 
DC SIGNAL SOURCE 
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3-74 When used as a low level dc signal source, 59501B 
output terminals Ai and A2 are connected directly to the 
user’s device. In this application, power supply programming 
network terminals A3 through AG are normally not used. 

As described previously, two programmable output ranges 
are available in the selected operating mode (UNIPOLAR or 
BIPOLAR). The output ranges available at terminals A1 

and A2 are as follows: 


Range Unipolar Bipolar 
High 0 to 9.99V —10 to 9.98V 
Low 0 to 0.999V —1 to +0.998V 


3-75 Unipolar Mode 

3-76 Calibration. The ZERO ADJUST allows the output 
to be adjusted to zero (£250 millivolts) when the 59501B 

is programmed to zero (2000). The D/A FULL SCALE 
ADJUST allows the output to be adjusted to 9.99V (+5%) 
when the 59501B is programmed to maximum (2999). The 
59501B is normally calibrated to provide a unipolar output 
range from OV to 9.99V. The reason for this is that the 
59501B is programmable in 999 steps and using this range 
results in a round number for resolution (voltage change per 
step). For example, in the high range resolution is 9.99V/ 
999 or 10mV per step. If the output is set to 10V, resolution 
is 10/999 or 10.01001mV per step. Calibration procedures 
for operating in the unipolar mode are provided in paragraph 
5-29. 


3-77 Sample Program. A sample program (9825A calcu- 
lator) for controlling the unipolar output of the 59501B is 
given in example 6. The program includes a calibration 
routine and allows the operator to input specific voltage 
values on the keyboard. The program also provides auto- 
matic range changing and error messages that indicate if the 
voltage value requested exceeds 9.99V or if a negative voltage 
is requested. A line-by-line explanation is given after the 
program. Programming fundamentals are provided in 
paragraphs 3-29 through 3-34. 


3-78 The sample program requires use of the General 1/O 
and Extended I/O ROM’s. After keying in the program, press 
RUN. All operations required to complete the program are 


given on the calculator display. After each operation is 
completed, press CONTINUE. 


NOTE 


The program listings provided in the following 
examples are taken from an HP 9866B printer. 
These listings are provided only because 9866B 
printouts are easier to read than printouts from 
the 9825A’s internal strip printer. Also, a check 
sum is provided at the end of each 9825A program 
listing. Make sure that the check sum at the end 
of your keyed-in program matches the check sum 
provided in the listing. 


Example 6. 9825 Sample Program, 59501B Unipolar Output 
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Explanation: 


1: Setup instructions. 
2-5: 
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Calibration instructions using ZERO ADJUST and D/A FULL SCALE ADJUST on 59501B . 
6: User inputs desired output voltage (0 to 9.99) on keyboard. 


7-17: Proper range is selected and correct data word value (N) is calculated to represent voltage requested. If the 
voltage requested (line 6) is too high or negative, the appropriate error message appears on the display for 
three seconds and, then the program returns to line 6. 

18: Data word (N) is sent to the 59501B . Format f4.@ deletes leading spaces and z suppresses the carriage return/line 


feed characters. If leading spaces are not deleted and the CR/LF characters are not suppressed, the output will 


go to an undesired value (see paragraph 3-34). 
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3-79 Bipolar Mode ming step. Calibration procedures for operating in the 
bipolar mode are provided in paragraph 5-30. 
3-80 Calibration. The ZERO ADJUST allows the nega- 


tive limit to be set to —10V when the 59501B is program: 3-81 Sample Program. A sample program for control- 
med to zero (2000). The D/A FULL SCALE ADJUST ling the bipolar output of the 59501B is given in example 
allows the positive limit to be set to +9.98V when the 7. This program is similar to the unipolar mode program 
59501B is programmed to maximum (2999). This range given in example 8 except that it allows keyboard input 
results in a resolution of 19.98V/999 or 20mV per program- of bipolar voltage from —10V to +9.98V. 


Example 7. 98254 Sample Program, 59501B Bipolar Output 
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Explanation: 


a he Sets fixed point format with three digits to the right of the decimal. This allows for better accuracy when 
performing the adjustment specified in line 8. 


: Setup instruction. 
3-10: Calibration routine using ZERO ADJUST and D/A FULL SCALE ADJUST controls on the 59501B . Note 
that in line 7, an average value is calculated so that the adjustment can be completed in the minimum number 


of steps. 
11: User inputs desired output voltage (—10 to +9.98) on keyboard. 
12: If the voltage requested is too high, ‘’Voltage too high” appears on the display for three seconds, and then 


the program returns to line 11. 

13-14: Proper range is selected and correct data word value (N) is calculated. 

15: Data word (N) representing the desired positive or negative output voltage is sent to the 59501B. Format 
f4.@ deletes leading spaces and z suppresses carriage return/line feed characters. If leading spaces are not 
deleted and CR/LF characters are not suppressed, the output will go to an undesired value (see paragraph 3-34). 
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SECTION IV 
PRINCIPLES OF OPERATION 


4-1 OVERALL DESCRIPTION power-on preset circuit are not shown on the block diagram. 
The 59501B’s circuits are shown in their entirety on the 

4-2 _The 59501B provides a unipolar or bipolar output main schematic (Figure 7-3 at the rear of the manual. The 

voltage in response to digital data received on the HP-IB. functional circuit designations are the same on both the 

As stated previously, the 59501B can be used (in conjunc- block diagram and the schematic so that the two diagrams 

tion with an HP-IB controller) as a power supply program- can be correlated. As shown in Figure 4-1, the major 

TEE, OF ASA low level dc signal source. Figure 4-1 is a block circuits of the 59501B consist of digital processing circuits, 

diagram illustrating the major circuits within the 59501B. a digital-to-analog converter, and analog amplifier circuits. 


For simplification, the 59501B’s bias voltage supplies and 
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Figure 4-1. 59501B Block Diagram 
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4-3 Digital Processing Circuits 


4-4 The 59501B responds to the ATN (attention) 
and IFC (interface clear) control signals as well as the 
data on lines (DIO01-DIO7). The 59501B also receives the 
DAV (data valid) handshake signal from the bus and sends 
the NRFD (not ready for data) and NDAC (data not 
accepted) handshake signals to the bus. A 3-wire hand- 
shake sequence is used to control the transfer of each 
character on the bus. This process allows devices with 
different input/output speeds to be interconnected to the 
HP-IB. The character transfer rate automatically adjusts 
to the slowest device. The acceptor handshake circuit 
implements the 3-wire handshake cycle that occurs with 
each command or data character received on data lines 
DI01-DIO7. The 59501B. transfer rate is approximately 
17usec per character. The 59501B is programmed by a 
data word consisting of four consecutive characters (digits), 
thus, a data word is transferred to the 59501B in approxi- 
mately 68usec. 


4-5 Data lines DIO1-DIO7 accommodate the 7-bits 
(1-character) of the ASCII code. Each character is trans- 
ferred onto the bus one at a time. The state of the ATN 
line determines how the data lines are interpreted. The 
ATN line is constantly monitored by the 59501B and all 
other bus devices. When ATN is true, the bus devices 
interpret the data as instructions (commands) from the 
controller. The 59501B recognizes two commands: its 
listen address (suggested listen address is ‘’&’’) and the 
unlisten command °?”. 


4-6 When ATN is true and the 59501B’s listen 
address is placed on data lines DIO1-DI07, the 59501B 

is enabled to function as a ‘listener’. As shown in Figure 
4-1, the data lines are applied to the address comparator 
and to the listen logic. The address comparator decodes 
the 59501B’s listen address when the levels on lines DI01- 
DIO5 match the address switch settings on the rear of the 
59501B . In this case, the address switches are set to “&”’ 
(one of 31 possible address codes) which distinguishes the 
59501B from the other devices connected to the bus. 
Thus, when the 59501B’s listen address is decoded and 
ATN is true (command mode), the listen logic is set. For 
this condition, the LISTENING indicator is turned-on and 
the clock generator is enabled allowing the 59501B to 
process subsequent data words received on the bus. If the 
ATN line is true and an unlisten command “’?”’ is received, 
the listen logic is reset. For this condition, the LISTENING 
indicator is turned off and the clock generator is disabled 
inhibiting the 59501B from processing data words. Note 
that the IFC signal also resets the listen logic. The IFC 
signal is used by the controller to terminate activity on 
the HP-IB. 
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4-7 When the ATN line is false and the 59501B_ is 
listening” (listen logic is set), the digital processing circuits 
will store a data word comprised of four digits (characters) 
transmitted consecutively. The first digit specifies the out- 
put range (low or high) and the next three digits specify 

the magnitude of the output voltage within the selected 
range. Each digit, represented by bits DI04 (MSB)-DI01 
(LSB), is transferred into data storage 1 (via input inverters 
and photo-isolators) during the accompanying 3-wire hand- 
shake cycle. The photo-isolators provide 600Vdc isolation 
between the HP-IB data lines and the 59501B’s output 
voltage terminals (A1 and A2). 


4-8 Aclock pulse, generated during each handshake 
cycle, gates the data storage sequencer which in turn loads 
each digit (1-range, 3-magnitude) into the proper storage 

1 latch position. After the fourth digit is loaded into data 
storage 1 all four digits (data word) are automatically 
transferred into the data storage 2 latches. The three 
magnitude digits are then sent to the digital-to-analog 
converter (DAC) while the range digit is sent to the analog 
amplifier circuits. The data storage 2 latches will retain this 
data until a new data word is transferred. 


4-9 Digital-to-Analog Converter (DAC) 


4-10 The DAC converts the three magnitude digits 

(12 bits, BCD) into an output current. The DAC output 
range, 0-2mA (nominal), corresponds to the BCD input 
range of 000-999. The DAC output current is applied to 

the current-to-voltage (I/V) converter in the analog amplifier 
circuits. The UNIPOLAR/BIPOLAR switch on the rear of 
the 59501B changes the feedback path between the DAC 
and the I/V converter so that the I/V converter provides an 
output range from 0 to +2.5V (nominal) in the unipolar 
mode and from —2.5V to +2.5V (nominal) in the bipolar 
mode. 
4-11. Analog Amplifier Circuits 

4-12 The unipolar or bipolar output of the I/V converter 
is applied to the output amplifier. The output amplifier 
provides either a high range or a low range output voltage 
between terminals Al and A2. The range switch controls 
the gain of the amplifier so that a high range or a low range 
output is produced. The range switch is set to high range 
when a “2” is programmed and to low range when a “'1"" 

is programmed. Thus, the output amplifier provides one of 
the following output ranges depending upon the range digit 
programmed and the position of the UNIPOLAR/BIPOLAR 
switch: 


Low Range High Range 
UNIPOLAR: 0 to +0.999V 0 to 9.99V 
BIPOLAR: —1 to +0.998V —10 to +9.98V 


4-13 The output amplifier includes overvoltage protec- 
tion and current limiting circuits to protect the 59501B 

and user equipment. In addition, a turn-on/turn-off control 
circuit clamps the output terminals at a low level when 
power is turned-on or off. The purpose of this circuit is to 
prevent transients at power turn-on and turn-off from 
affecting the output of the 59501B and also prevent random 
programming of a power supply prior to receipt of valid 
Programming data. 


4-14 The front panel ZERO ADJUST allows a zero 
(250mV) output adjustment. The D/A FULL SCALE 
ADJUST allows setting the maximum 59501B output 
(+5%) in the high and low ranges. 


4-15 When the 59501B is used as a power supply pro- 
grammer, the POWER SUPPLY FULL SCALE ADJUST 
potentiometers (COARSE and FINE) allow the user to set 
the maximum power supply output when the 59501B is 
programmed to its maximum output. Power supply 
programming is accomplished by connecting the 59501B’s 
output terminals to the power supply’s voltage program- 
ming terminals (see Section III). 

4-16 DETAILED CIRCUIT DESCRIPTION 

4-17 The following paragraphs describe, in more detail, 
the operation of the 59501B’s major circuits. Note that 
only those circuits not covered in sufficient detail in the 
preceding overall description, will be described. Throughout 
this discussion refer to the fold-out schematic diagram at the 
rear of this manual. 

4-18 Power-On Preset 

4-19 When power is initially applied, the preset circuit 
(Q3, U1, U5) generates a LO level pulse (PON) which resets 
the listen flip-flop (acceptor handshake), and the data storage 
sequencer. Thus, the preset circuit ensures that the 59501B 
is not a ‘listener’ and is properly initialized when power is 
applied. 
4-20 Address Comparator 

4-21 The address comparator consists of 5-bit comparator 
U3 and the address switches on the rear of the supply. When 
the levels on data lines DIO1-D105 match the address switch 
settings, U3 provides a HI level ADDRESS output to the 
listen logic. Note that the schematic illustrates the address 
switches set to the suggested listen address of “&"’. 


4-22 Acceptor Handshake 


4-23 The acceptor handshake circuit implements the 
3-wire handshake cycle that occurs with each command or 
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data character received on the bus data lines D101-D107. 
Unrecognized command characters (e. g., talk address) will 
be ignored but the handshake cycle between the controller 
and the 59501B will occur anyway. The 3-wire handshake 
lines are designated DAV (data valid), NRFD (not ready 

for data), and NDAC (data not accepted). The acceptor 
handshake circuit is enabled when the bus is in the command 
mode (ATN is LO) or if the 59501B is in the listen mode 
(listen flip-flop set) and ATN is HI (data mode). For either 
of the above conditions, the output of NAND gate U8-3 
goes HI and NAND gate U5-6 goes LO enabling the acceptor 
handshake circuits. Figure 4-2 illustrates the 3-wire hand- 
shake cycle timing sequence for each character received by 
the 59501B in the command and data modes. 


Tg: Initially the NRFD signal (J1-7) is HI (*9501B is 
ready for data) and the NDAC signal (J1-8) is LO (data not 
accepted}. Also DAV (J1-6) is HI (data on bus is not valid). 


Ty : The source (assume controller) puts a character on 
the bus and indicates that the character is valid by setting 
DAV (J1-6) LO. 


T>: After a delay of approximately 1usec NRFD goes 
LO (59501B not ready for data). Also, accept data signals, 
ACDS (U11-13) and ACDS (U11-4), are generated. 


a. If the HP-IB is in the command mode (ATN LO), 
the ACDS signal gates a recognized command character 
( 59501B’s listen address “’&’’ or unlisten command "a t?) 
which sets or resets the listen flip-flop (see paragraph 4-24). 

b. If the HP-IB is in the data more (ATN HI) and the 
59501B had previously been addressed to listen, the ACDS 
signal gates the clock generator, producing a clock pulse 
which loads the data character (range or magnitude) present 
on bus lines (DI01-DI04) into the appropriate storage 
register (see paragraph 4-31). 


T.: After approximately 15ysec, the trailing (positive) 
edge of the ACDS (U11-4) signal produces a negative pulse 
(U12-8) which sets the DAC F/F (U8-11 goes HI and U9-6 
goes LO). With U9-6 LO, NDAC (J1-8) goes HI indicating 
that the 59501B has accepted the data. 


Ty: The controller, sensing NDAC HI, sets DAV HI 
indicating that the data on the bus is no longer valid. 


Ts: When DAV goes HI, the DAC F/F is reset (U9-6 
goes HI and U8-11 goes LO) causing NDAC (J1-8) to go LO 
(data not accepted). Also, with DAV HI, NRFD goes HI 
indicating that the 59501B is ready for the next character. 


Tg: With NRFD HI, the controller sets DAV LO and 
the next character is transferred (T2 through T5). 
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Figure 4-2. Acceptor Handshake Signals, Timing Diagram 


4-24 Listen Logic 

4-25 The listen logic consists of logic gates which set 

or reset the listen flip-flop. When the listen flip-flop is set, 
the 59501B is enabled to function as a “‘listener’’. The 
listen logic is enabled when the HP-IB is in the command 
mode (ATN is LO). If ATN is LO and the 59501B’s listen 
address is decoded (ADDRESS is HI), the listen flip-flop is 
set (U12-3 goes HI) when ACDS is received from the 
acceptor handshake circuit. Note that only a portion of the 
listen address is specified by the ADDRESS signal. In addi- 
tion, HP-IB data input line DIO7 must be HI and line DIO6 
must be LO to specify that a listen address is present on the 
bus. When the listen flip-flop is set, driver Q14 turns the 
LISTENING indicator on. Also, with the listen flip-flop 
set, the clock generator will be enabled when the bus is 
placed in the data mode (ATN goes HI). The clock generator 
produces clock pulses which gate the data sequencer storing 
the data characters received on the bus (see paragraph 4-28). 


4-26 If the ATN line goes LO again (command mode) 


and an unlisten command (ASCII ‘’?”’) is placed on the bus, 
the listen flip-flop is reset (U12-3 goes LO) when ACDS is 
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received, turning off the LISTENING indicator, inhibiting 
the clock generator, and resetting the data sequencer. Note 
that the interface clear (IFC) signal also resets the listen 
flip-flop. The IFC signal is used by the controller to ter- 
minate activity on the bus. 


4-27 Clock Generator 

4-28 The clock generator is enabled when the listen 
flip-flop is set (U12-3 is HI) and the HP-IB is in the data 
mode (ATN is HI). When enabled, the clock generator 
produces a clock pulse (approximately 4usec wide) on the 
leading edge of the ACDS signal received from the acceptor 
handshake circuit. The clock pulse gates the data storage 
sequencer which loads the data on lines DIO1-D1IO4 into 
the appropriate storage latch (see paragraph 4-32). 


4-29 Isolators 

4-30 Data bits DIO1-DIO4, the sequencer clock signal, 
and the sequencer reset signal are applied through inverter 
drivers (U13, U14) to photo-isolators (U15, U16, U17). 

The inputs to the isolators are referenced to HP-IB signal 
ground V while the outputs are referenced to power supply 
ground V . With these input and output connections, 

up to 600Vdc isolation is provided between the HP-!IB data 
input lines and the 59501B output terminals. Each dual 
isolator IC package contains a pair of light emitting diodes 
and integrated photon detectors. The isolated DIO1-DIO4 
data bits are routed to the appropriate data 1 storage latches 
while the isolated clock and reset signals are sent to the data 
storage sequencer. 


4-31 Data Storage 

4-32 The data storage circuits consist of data storage 1 
latches, data storage 2 latches, and the data storage sequencer 
circuit. The circuits store a data word which consists of 

four characters. The characters are transferred from the bus 
one at a time with the range character transferred first 
followed by the three magnitude characters. Each character, 
bits DIO4 (MSB) — DIO1 (LSB), is transferred into data 
storage 1 during the accompanying 3-wire handshake cycle. 
After the fourth character is transferred into data storage 1, 
all four characters (data word) are automatically loaded into 
the data storage 2 latches. The timing sequence for the data 
word transfer is provided in Figure 4-3. 


4-33 The leading edge of each ACDS pulse generates a 
clock pulse which gates the data storage sequencer. Initially, 
the data shift register (U25) in the data storage sequencer 
is reset and the data input (U25-7) is a HI level. The timing 
sequence that occurs during the transfer of a data word is 
described below (Refer to Figure 4-3). 

a. Cycle 1. The first clock pulse produces a negative 
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Figure 4-3. Data Word Transfer, Timing Diagram 


pulse (L1) at U27-6. The trailing edge of L1 loads the range 
character into data storage 1 (U26, J/K flip-flop). The 
trailing edge of the first clock pulse transfers the data input 
(U25-7) into the shift register causing Q1 (U25-5) to go HI. 
With Q1 HI, the L2 AND gate (U24-6) is enabled. Also 
with Q1 HI, the data input (U25-7) goes LO. 

b. Cycle 2. The second clock pulse produces a positive 
pulse L2 at U24-4. While L2 is HI, the first magnitude 
character is tranferred into data storage 1 (U18, four bit 
latch). The trailing edge of the second clock pulses causes 
U25 to shift (Q1 goes LO, Q2 goes HI). With G2 HI, the 
data input (U25-7) remains LO and the L3 AND gate 
(U24-1) is enabled. 
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c. Cycle 3. The third clock pulse produces a positive 
pulse L3 at U24-3. While L3 is HI, the second magnitude 
character is transferred into data storage 1 (U19, four bit 
latch). The trailing edge of the third clock pulse shifts U25 
(Q2 goes LO, O3 goes HI). With Q3 HI, data input remains 
LO and the L4 AND gate (U24-13) is enabled. 

d. Cycle 4. The fourth clock pulse produces a positive 
pulse L4 at U24-11. While L4 is HI, the third magnitude 
character is transferred into storage level 1 (U20, four bit 
latch). The trailing edge of the fourth clock pulse shifts 
U25 (Q3 goes LO, O04 goes HI). When O4 goes HI, the 
range character and the three magnitude characters are loaded 
into the data storage 2 latches (U26 and U21-U23). The O4 
HI transition also causes U25-13 (P/O turn on/off circuit) to 
go HI (this signal is significant only when power is initially 
applied and the first data word is loaded, see paragraph 4-51). 
The O4 output is fed back to the shift register input (U25-6) 
through OR gate U28 and delay circuit (C10, R22) resetting 
the shift register (Q1-Q4 outputs go LO). For this condition, 
the data input (U25-7) is HI initializing the shift register 
for the next data word transfer. 


4-34 The range latch output (U26-14) is LO if high 

range was programmed and HI if low range was programmed. 
The range output controls the range switch in the analog 
amplifier circuits. 


4-35 The magnitude outputs of 4-bit storage latches 
U21-U23 are applied to the digital-to-analog converter 
(DAC) U29. The DAC is programmed in BCD. Each 4-bit 
storage latch contains a number (@-9). Thus, the three 
latches can provide an output from 000-999. The latch 
outputs are connected to the DAC input in the proper 

order (i. e., U21 contains the most significant bits, etc). The 
data storage 2 outputs are retained until a new data word is 
transferred from the bus. 


4-36 _Digital-to-Analog Converter (DAC) and I/V 
Converter 
4-37 The DAC (U29) converts the 12-bit BCD input 


(3-magnitude digits) into an output current. The DAC 
output range, 0-2mA (nominal), corresponds to a BCD 

input range of 600-999. The DAC output (U29-9) is applied 
to the inverting input of operational amplifier U30 (current- 
to-voltage converter). The UNIPOLAR/BIPOLAR switch 
(S2) changes the feedback path between U30 and U29. In 
the UNIPOLAR mode, the output of U30 is connected to 
pins 10 (10V SPAN R) and 8 (BIPOLAR OFFSET IN) 

of U29 to obtain a U30 output range from 0 to +2.5V (nom- 
inal). In the BIPOLAR mode, the output of U30 is con- 
nected to U29-10, however, U29-8 (BIPOLAR OFFSET IN) 
is connected to the DAC’s internal reference (U29-4) through 
R24. For these connections, the current-to-voltage converter 


(U30) provides a bipolar output range from —2.5V to +2.5V 
(nominal). Variable resistor R26 allows for a zero output 
adjustment in the bipolar mode. The U30 output is applied 
to the output amplifier through range resistors R45, R49, 
and/or R52. 

4-38 Output Amplifier 

4-39 The output amplifier is comprised of a range 
amplifier stage (operational amplifier U31), voltage gain 
stages (Q3, Q4), and complementary emitter follower stages 
(Q10, Q11). The gain of the amplifier is determined by 

the range digit programmed. 


4-40 When high range is programmed, range resistors 
R45 and R49 are shunted through range switch FET O5 
(see paragraph 4-44). The high range gain of the output 
amplifier is equal to — (R2 + R56) + R52. In the high 
range, the amplifier provides a 0 to +9.99V output (unipolar 
mode) or a —10V to +9.98V output (bipolar mode). 


4-41 When low range is programmed, the gain of the 
amplifier is equal to — (R2 + R56) + (R45 + R49 + R52). 
In the low range, the amplifier’s unipolar or bipolar output 
is one tenth of the corresponding high range output. 
Variable resistor R49 allows a low range gain adjustment 
while the front panel D/A FULL SCALE ADJUST control 
(R2) allows setting the maximum rated 59501A output 
(+5%) in the high and low ranges. 


4-42 Transistor stages Q3 and O4 provide a voltage gain 
for the low level output (+1V max.) of operational amplifier 
U31. Stages Q10 (positive) and Q11 (negative) provide 

the unipolar or bipolar output voltage between terminals 

Ai and A2. Output current up to 10mA is available and 

is automatically limited to 17mA (nominal). When terminal 
A is negative with respect to , load current will flow 
through the Q11 stage. When terminal A1 is positive with 


respect to , load current will flow through the Q10 
stage. 
4-43 Diodes CR9 and CR11 protect the output amplifier 


if an external voltage exceeding 25V (nominal) is connected 
between the Al and A2 terminals. If an excessive negative 
voltage is applied, CR9 will clamp the output to —25V 
(nom.). If an excessive positive voltage is applied, CR11 
will clamp the output to +25V (nom.). 


4-44 Range Switch 


4-45 The range switch allows the output amplifier to 
produce a high range or a low range output. The range 
switch circuit (Q5, Q6) receives the RANGE signal level 
from range latch U26-14. A LO signal level specifies high 
range while a HI signal level specifies low range. 
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4-46 If a LO level is received, transistor Q6 is turned- 
off causing FET Q5 to conduct. The FET is used as a 
switch which has a very low on resistance and a very high 
off resistance. While conducting, Q5 couples the output of 
U30 to the input of U31 via range resistor R52 (R45 and 
R49 are bypassed). 


4-47 If a HI level is received, transistor Q6 is turned-on 
causing O5 to turn-off. For this condition, the output of 
U30 is coupled to the input of U31 through range resistors 
R45, R49, and R52. 


4-48 The spike suppressor circuit (in conjunction with 
range amplifier U31) suppresses voltage spikes that occur 
when the range switch is turned on or off. Voltage limiting 
diodes CR8 and CR10 (Schottky’s) protect U31 from 
excessive input voltages. 


4-49 Turn-On/Turn-Off Control 


4-50 The turn-on/turn-off control circuit is comprised 
of shift register B (U25), transistor stages (Q1, Q2) and 
FET's Q7-Q9. The purpose of this circuit is to prevent 
transients at power turn-on and turn-off from affecting the 
output. To accomplish this, the output is clamped at a 
low level when power is turned on or off. 


4-51 Before power is turned-on, range amplifier U31 is 
shunted by FET Q8, the output of amplifier stage O4 is 
clamped at a low level by FET Q7, and FET Q9 clamps the 
output of the Q10 and Q11 stages to ground. When power 

is turned-on, the Vdd supply voltage (junction R27 and R28) 
resets U25 (U25-13 goes LO), turning on Q1. With Q1 turned- 
on, FET’s Q7, Q8, and Q9 continue to conduct to maintain 
the initial conditions (low-level output). Note that when power 
is turned-on, there is a delay before the —15V supply voltage 
is available, consequently, Q2 is turned off at initial power 
turn-on. After the delay, Q2 turns-on removing the reset 
condition at U25. When the first data word is loaded into 
data storage 2, shift register B output (U25-13) goes HI 

(see paragraph 4-33d) turning off Q1. With Q1 off, FET’s 
Q7, O8, and O9 cutoff allowing the output amplifier to 
provide an output determined by the programmed data 
word. 


4-52 At turn-off, the —15V supply voltage decays faster 
than the +15V and Vdd supply voltages. When the —15V 
supply decays sufficiently, U25 is reset (U25-13 goes LO) 
turning on Q1 which causes FET’s Q7-O9 to conduct. 
Thus, the output is clamped at a low level during the decay 
of the +15V and Vdd supply voltages. 


4-53 Bias Voltages 


4-54 The bias voltages for the digital and analog circuits 


on the main printed circuit board are generated and distri- 
buted as shown on sheet 1 of the schematic (Figure 7-3). 


4-55 Ac power is applied through the power module and 
power transformer T1 to two full-wave bridge rectifiers. 
Integrated circuit U32 receives its raw (unregulated) dc from 
full-wave rectifier (CR14-16) and filter (C27, C28). IC U32 
provides a regulated +5V output, with respect to data 
common 7; for all TTL logic circuits on the data common 
side of the photo-isolators. 
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4-56 Integrated circuit U33 receives it raw (unregulated) dc 
from full-wave rectifier (CR19-CR22) and filter (C31-C34). 
Note that the —15 and +15V unregulated outputs (+25V and 
—25V, nominal) are also applied to voltage protection diodes 
CR9 and CR11 (see paragraph 4-43). 1C U33 provides 
regulated +15V outputs with respect to V , for the DAC 
and the analog amplifier circuits. 


4-57 The Vdd bias supply (Q3) develops its output from 
the +15V supply. Vdd (+5V), referenced to V _ is distri- 
buted to all CMOS logic circuits on the \i/ side of the 
photo-isolators. Note that power supply ground V and 
output ground VW are connected together. 


SECTION V 
MAINTENANCE 


5-1 INTRODUCTION 


5-2 This section contains checkout, troubleshooting, 
repair and replacement, and adjustment procedures for the 
59501B The checkout procedures verify that the 59501B 
circuitry is operating properly by checking that it can be 
programmed by an HP-IB controller and that it is properly 
adjusted. The troubleshooting procedures are performed if 
a malfunction occurs while performing the checkout pro- 
cedures or during normal operations. 

5-3 TEST EQUIPMENT REQUIRED 

5-4 The controller (e.g. 9825A calculator), equipped with 
the appropriate bus interface card, provides all of the signal 
inputs neccessary for checking and troubleshooting the 59501B. 


The additional instruments required for troubleshooting are 
listed in Table 5-1. 


5-5 If available, Bus System Analyzer HP Model 59401A 
can be used in place of the calculator when checking or 
troubleshooting the 59501B. The 59401A provides talker, 
listener, and controller modes of operation. The operating 
speed of the 59401A varies from one character at a time in 
the halt mode, to two characters per second in the slow 
mode, and full HP-IB speed in the fast mode. Thus, the 
59401A can be used to exercise the 59501B circuitry allow- 
ing one character at a time to be transferred and checked. 
5-6 CHECKOUT PROCEDURES 

5-7 The procedures given in the flow chart of Figure 
5-1 can be used to check operation of the 59501B when it 


is initially received. If a malfunction is detected during 
checkout, the procedures determine whether adjustment 
or troubleshooting is required, The procedures in Figure 
5-1 provide the following checks: 

1. Output voltage is held near OV when power is applied. 

2. Listen logic is enabled when the 59501B’s listen 
address is received. 

3. Listen logic is disabled when the interface clear (IFC) 
signal is received. 

4. Unipolar mode — zero output programming accuracy. 

5. Unipolar mode — full scale programming accuracy. 

6. Bipolar mode — full scale programming accuracy. 

7. Listen logic is disabled when the ‘’Unlisten’’ command 
is received. 


5-8 The checkout procedures are performed with the 
59501B connected to the HP-IB along with a controller. 
The 59501B’s address switches are set to ’&’’ anda DVM 

is connected between the A1 and A2 output terminals. 
Connect the DVM common lead to the A1 output terminal. 
5-9 TROUBLESHOOTING 

5-10 The troubleshooting procedures (Figures 5-2 through 
5-4) assume that the controller is operating properly and that 
a malfunction exists in the 59501B. Before attempting to 
troubleshoot the 59501B , ensure that the fault was not caused 
by aprogramming error. Also, it is recommended that the 
reader review the circuit descriptions provided in Section IV. 
A good understanding of circuit operation will aid in 
troubleshooting. In order to troubleshoot the 59501B , the 
bottom cover must be removed. 


Table 5-1. Test Equipment Required 


Digital Voltmeter | Accuracy: +0.004% 


Bandwidth: dc to 50MHz 


Oscilloscope 


Impedance: 25k , Trigger 
Thresh: 2.0V and 0.8V (nom) 
Min. Pulse Width: 10Onsec. 


TTL/CMOS 
Logic Probe 


Logic Probe 


Precision dc voltage measurements HP Model 3455A or 3490A 


Adjust zero output accuracy. Check 
handshake cycle timing. CMOS logic 
circuit troubleshooting. 


TTL logic circuit troubleshooting. 


TTL/CMOS logic circuit HP 545A 
troubleshooting 
5-1 


HP Model 180C with 1803A 
and 1821A plug-ins. 


HP 10525T 
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Figure 5-1. Checkout Procedures, Flow Chart 
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Figure 5-2. Overall Troubleshooting Procedures, Flow Chart 
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Figure 5-3. Digital Circuits Troubleshooting, Flow Chart 
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WARNING 


Exercise extreme caution when 
working on energized circuits. 


5-11 Overall Troubleshooting. The overall troubleshoot- 
ing procedures given in Figure 5-2 isolate a malfunction to 
the analog or digital sections of the 59501B . Analog circuit 
malfunctions are isolated to the component level. Addi- 
tional troubleshooting flow charts (Figures 5-3 and 5-4) 

are provided for digital circuit malfunctions. 


5-12 The procedures given in Figure 5-2 first check the 
bias supply voltages to ensure that these voltages are correct 
before continuing with the troubleshooting. If the supply 
voltages are correct, the procedures continue to check if a 
malfunction is present in the analog or digital portions of 
the 59501B . If a malfunction is not detected, review the 
programming and operating instructions provided in 
Section III to check if the fault was caused by a program- 
ming or operating error. 


NOTE 


TTL logic levels (1 = true > 2V, 0 = false < 0.8V) 
are measured with respect to V . CMOS logic 
levels (1 = true > 3.5V, O= false < 1.5V) are 
measured with respect to \7/ 


5-13 Digital Circuits Troubleshooting. The digital 
Circuits troubleshooting procedures given in Figure 5-3 
isolate a malfunction to components within the circuits 
listed below or to the acceptor handshake circuit. A separ- 
ate flow chart (Figure 5-4) is provided to troubleshoot 
the acceptor handshake circut. Figure 5-3 checks the 
digital circuits in the following sequence: 

1. Power-on/preset 
Listen logic 
Unlisten decoder 
Clock generator 
Data input circuits 
. Isolators 
Data sequencer 
Data storage 


ONAARWH 


5-14 Acceptor Handshake Troubleshooting. Figure 5-4 
provides a static check of the acceptor handshake circuit. 
However, it is possible to have a condition where a faulty 
circuit would not be detected by performing these checks. 
If a timing problem is suspected, the acceptor handshake 
Circuit must be checked dynamically. A dynamic test can 
be made by continuously programming the 59501B to 
listen’ and observing the handshake signals on an oscillo- 
scope. The handshake cycle timing relationships are 
shown in Figure 4-2. 


5-15 REPAIR AND REPLACEMENT 


5-16 All components and wiring are accessible when the 
top and bottom covers are removed. The component side 
of the Al board, the chassis mounted components, and the 
front panel components are accessible when the bottom 
cover is removed. (See Figure 7-1). The wiring side of 

the Al board is accessible when the top cover is removed. 
To remove-the bottom cover, remove two rear screws, lift 
the cover, and pull it to the rear. The top cover is removed 
in a similar manner. 
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Figure 5-4. Acceptor Handshake Circuits Troubleshooting, 
Flow Chart 


5-17. REPLACEMENT PARTS 

5-18 Section VI of this manual contains a list of re- 
placeable parts. If the part to be replaced does not have 
a standard manufacturer’s part number, it is a special 

part number and must be obtained directly from Hewlett- 
Packard. 


5-19 ADJUSTMENT AND CALIBRATION 


5-20 The 59501B is factory calibrated to operate 
properly regardless of the mode selected (unipolar or 
bipolar). The calibration procedures, described in para- 
graphs 5-21 through 5-26, may be required after perform- 
ing the checkout procedures, troubleshooting, or repair 
and replacement. Once the unit is calibrated, the front 
panel controls may be adjusted as required for unipolar 
or bipolar operation (paragraphs 5-27 through 5-30). 
5-21 Calibration 

5-22 The calibration procedures must be performed 
in the order in which they are presented in the following 
Paragraphs. 

5-23 Test Setup. 

a. Remove the bottom cover to gain access to 

the potentiometers on the A1 board (see Figure 7- ). 

b. Connect oscilloscope to the A1 and A2 output 
terminals on rear of 59501B. Connect scope common to the 
Al terminal. Set Time/Div. to 1msec/div and Volt/Div. to 
1ImV/cm. 

c. Check that the address switches on the rear 
of the 59501B are set to “&’’. 

d. Connect the 59501B to an HP-IB controller. 

e. Apply power to 59501B andcontroller. Allow 
a 30-minute warmup. 


5-24 Unipolar Mode — Zero Programming Accuracy. 
To adjust the zero programming accuracy in the high and low 
output ranges, proceed as follows: 

a. Set mode switch on rear of 59501B to 
UNIPOLAR. 

b. Program 59501B to ’’Listen” and alternately 
send data words ‘'1600” (zero low range) and 2000” (zero 
high 1: ange). 


c. Adjust potentiometer A1 R61 (unipolar zero 
balance) for a straight line as indicated on the scope. 

d. Remove scope and connect a DVM between 
the A1 and A2 output terminals. Connect DVM common 
to Al. 

e. Send data word "20066" to the 59501B. 

f. Adjust front panel ZERO ADJUST for a 
reading of OV +1mV on DVM. 
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5-25 Unipolar Mode — Full Scale Programming 
Accuracy. To adjust the full scale programming accuracy 
in the high and low ranges, proceed as follows: 

a. Send data word "2999" (high range full scale) 
to the 59501B. 

b. Adjust D/A FULL SCALE ADJUST for a 
reading of +9:99V + ImV on DVM. 

c. Send data word 1999” (low range full scale) 
to the 59501B. 

d. Adjust potentiometer A1R49 (low range gain) 
for a reading of +0.999V + 0.1mV on DVM. 

e. Check the zero programming accuracy (para- 
graph 5-24 steps a through e) and the full scale program- 
ming accuracy (steps a through d above) and repeat both 
procedures if required. 


5-26 Bipolar Mode — Zero Programming Accuracy. Use 
the same test setup as described in paragraph 5-23. 

a. Perform steps 5-24a through 5-24e. 

b. Set mode switch on rear of 59501B to 
BIPOLAR. 

c. Program 59501B to “Listen” and alternately 
send data words ‘1500’ (OV, low range) and ‘’2500” 
(OV, high range). 

d. Adjust potentiometer A1 R26 (bipolar zero 
balance) for a straight line as indicated on the scope. 


5-27 ‘Front Panel Adjustments 

5-28 After the unit is calibrated, the front panel 
controls are adjusted for unipolar or bipolar operation. 
Note that the following procedures adjust the output of 
the 59501B when it is to be used as a DAC. If the 59501B 
is to be used as a power supply programmer, follow the 
calibration procedures provided in Section II! (paragraphs 
3-51 through 3-66. 


5-29 Unipolar Mode. Use the same test setup as 
paragraph 5-23 except connect a DVM between the Al and 
A2 output terminals. Connect the DVM common to the 
A2 terminal. 

a. Set mode switch to UNIPOLAR. 

b. Program 59501B to ‘’Listen”. Send data word 
"2606" (high range zero) and adjust front panel ZERO 
ADJUST for a reading of OV +0,1mV on DVM. 

c. Send data word 2999” (high range full scale) 
and adjust front panel D/A FULL SCALE ADJUST for a 
reading of +9.99V + ImV on DVM. 
5-30 Bipolar Mode. Use same test setup as above. 
a. Set mode switch to BIPOLAR. 
b. Send data word 2606” and adjust ZERO 
ADJUST for a reading of —10V +1mV on DVM. 

c. Send data word “2999” and adjust D/A FULL 
SCALE ADJUST for a reading of +9.98V +1mV on DVM. 

d. Repeat steps b and c. 


SECTION VI 
REPLACEABLE PARTS 


6-1 INTRODUCTION 


6-2 This section contains information for ordering re- = plug 
placement parts. Table 6-3 lists parts in alpha-numeric order transistor 


by reference designators and provides the following informa- resistor 
switch 


= transformer 
= terminal block 
= thermal switch 


tion: 

a. Reference Designators. Refer to Table 6-1. 

b. Description. Refer to Table 6-2 for abreviations. 

c. Total Quantity (TQ). Given only the first time 
the part number is listed except in instruments containing 
many sub-modular assemblies, in which case the TO appears 
the first time the part number is listed in each assembly. 

d. Manufacturer’s Part Number or Type. 

e. Manufacturer's Federal Supply Code Number. 
Refer to Table 6-4 for manufacturer’s name and address. 

f. Hewlett-Packard Part Number. 

g. Recommended Spare Parts Quantity (RS) for 
complete maintenance of one instrument during one year of 
isolated service. 

h. Parts not identified by a reference designator 
are listed at the end of Table 6-3 under Mechanical and/or 
Miscellaneous. The former consists of parts belonging to and 
grouped by individual assemblies; the latter consists of all 
Parts not immediately associated with an assembly. 


= ampere 
alternating current 
. = assembly 
= board 
= bracket 
= degree Centigrade 
= card 
= coefficient 
comp = composition 
CRT =cathode-ray tube 
CT =center-tapped 
6-3 ORDERING INFORMATION dit “divecreurrent 
DPDT= double pole, 
double throw 
DPST= double pole, 
single throw 
elect = electrolytic 
= encapsulated 


6-4 To order a replacement part, address order or in- 
quiry to your local Hewlett-Packard sales office (see lists at 
rear of this manual for addresses). Specify the following 
information for each part: Model, complete serial number, 
and any Option or special modification (J) numbers of the 
instrument; Hewlett-Packard part number; circuit reference 

: wine : ; F = farad 
designator; and description. To order a part not listed in Of dédres Farenbers 
Table 6-3, give a complete description of the part, its function, Seta 
and its location. 


= germanium 

= Henry 
Hertz 
integrated circuit 
inside diameter 


Table 6-1. Reference Designators 


miscellaneous 
electronic part 


A = assembly 

B = blower (fan) 
C = capacitor fuse 

jack, jumper 


incandescent 
kilo = 102 
milli = 10°3 
mega = 108 
micro = 10° 
metal 
manufacturer 


CB =circuit breaker 

CR =diode relay 

DS = device, signaling inductor 
(lamp) meter 
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Table 6-1. Reference Designators (Continued) 


= vacuum tube, 
neon bulb, 
photocell, etc. 

= zener diode 

= socket 


= integrated cir- 


cuit or network 


Table 6-2. Description Abbreviations 


modular or 
modified 


= mounting 


nano = 10° 
normally closed 
normally open 
nickel-plated 
ohm 
order by 
description 
outside diameter 
pico = 10°12 
printed circuit 
potentiometer 
peak-to-peak 
parts per million 
peak reverse 
voltage 
rectifier 
root mean square 
silicon 
single pole, 
double throw 
single pole, 
single throw 
small signal 
slow-blow 
tantulum 
titanium 
volt 
variable 
wirewound 

= Watt 


REF. 
DESIG. 


Al 
C1 
C2-5 
C6 
C7 
C8 
C9, 10 
C11-15 
C16, 17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31, 32 
C33, 34 
C35, 36 
C37, 38 
C39 
C40 
C41 
C42 
CR1, 2 
CR3 
CR4-7 
CR8 
CR9 
CR10 
CR11 
CR12, 13 
CR14-17 
CR18 
CR19-22 
J1 
J2 
J3 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7-9 


Table 6-3. Replaceable Parts 


DESCRIPTION 


Main Board Assembly (See Note 1) 


fxd, cer. 1OOOpF, 1kV 
fxd, cer. 0.01uF, 100V 
fxd, mica. 500pF, 1%, 300V 
fxd, cer. 0.01uF, 100V 
fxd, cer. 470pF, 10%, 1kV 
fxd, mica, 91pF, 1%, 300V 
fxd, cer. 0.01uF, 100V 
fxd, cer. 0.1uUF, 50V 

fxd, mica. 1O00pF, 10%, 500V 
Not assigned 

fxd, mica. 30pF, 5%, 500V 
fxd, mica. 390pF, 5%, 300V 
fxd, cer. 0.02uF, 20%, 2kV 
fxd, cer. 1uF, 20%, 25V 
fxd, mica. 30pF, 5%, 500V 
fxd, cer. 1uF, 20%, 25V 
fxd, cer. 0.01uUF, 100V 
fxd, elect. 2000uUF, 20V 
fxd, cer. 0.1uUF, 50V 

fxd, elect. 22uF, 10%, 15V 
fxd, elect. 1uF, 10%, 35V 
fxd, elect. 180uF, 50V 
fxd, cer. 0.1uF, 50V 

fxd, mica. 1500pF, 5%, 300V 
fxd, elect. 10uUF, 10%, 20V 
fxd, elect. 1uF, 10%, 35V 
fxd, mica. 47pF, 5%, 500V 
fxd, mica. 56pF, 5%, 300V 
fxd, cer 0.02uF, 20%, 2kV 
Diode, Si. 200mA, 75V 
Stabistor 15V, 150mA 
Diode, Si. 200mA, 75V 
Diode, Schottky 

Diode, power rectifier 
Diode, Schottky 

Diode, power rectifier 
Stabistor 15V, 150mA 
Diode, power rectifier 
Diode, Si. 200mA, 75V 
Diode, power rectifier 
Connector 

Connector 


HP-IB connector, 24 pin microribbon 


SS PNP Si. 
SS NPN Si. 
SS PNP Si. 
SS NPN Si. 
J-FET 

SS NPN Si. 
J-FET 


TQ.| MFR. PART NO. 


NN DM 
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150D226 X9015B2 
150D105X9035A2 
672D047 


150D106X9020B2 
150D105X9035A2 


1N4148 


1N4148 


1N4148 


2N3417 
2N4392 


2N4392 


Note 1: This assembly is designed for component level repair. Replacement assemblies cannot be supplied. 


MFR. 
CODE 


HP 
PART NO. 


0150-0050 , 1 
0150-0093 | 2 
0140-0234 1 
0150-0093 
0160-2496 | 1 
0160-0335 1 
0150-0093 
0160-4835 1 
0160-2006 1 
0140-0203 1 
0140-0200 1 
0160-2569 1 
0160-0127 1 
0140-0203 
0160-0127 
0150-0093 
0180-2685 | 1 
0160-4835 
0180-0228 | 1 
0180-0291 1 
0180-0634 1 
0160-4835 
0160-3068 1 
0180-0374 1 
0180-0291 
0140-0204 1 
0140-0191 1 
0160-2569 
1901-0050 | 6 
1901-0460 | 3 
1901-0050 
1901-0535 | 2 
1901-0327 |10 
1901-0535 
1901-0327 
1901-0460 
1901-0327 
1901-0050 
1901-0327 
1251-5385 
1251-7162 1 
1853-0099 | 2 
1854-0823 5 
1853-0099 
1854-0087 1 
1855-0386 | 4 
1854-0823 
1855-0386 


REF. 
DESIG. 


DESCRIPTION 


SS NPN 

SS PNP 

SS NPN Si. 

Not Used 

fxd, film 383 1%, 1/8W 
fxd, film 47.5k, 1%, 1/8W 
Not Used 

fxd, film 301, 1%, 1/8W 


Not Used 
fxd, film 162, 1%, 1/8W 


fxd, film 4.12k, 1%, 1/8W 
fxd, film 16.2k, 1%, 1/8W 
fxd, film 2.37k, 1%, 1/8W 
fxd, film 10, 1%, 1/8W 
var., cermet 25k, 10% 
fxd, film 11.3k, 1%, 1/8W 
fxd, film 36.5k,1%, 1/8W 
fxd, film 19.6k, 1%, 1/8W 
fxd, film 121k, 1%, 1/8W 
fxd, film 19.6k, 1%, 1/8W 
fxd, film 51.1k, 1%, 1/8W 
fxd, film 1k, 1%, 1/8W 
fxd, film 200k, 1%, 1/8W 
fxd, film 121k, 1%, 1/8W 
fxd, film 1k, 1%, 1/8W 
fxd, film 121k, 1%, 1/8W 
fxd, film 1.5k, 1%, 1/8W 
fxd, film 13.3k, 1%, 1/8W 
fxd, film 121k, 1%, 1/8W 
fxd, film 30.1k, 1%, 1/8W 
fxd, film 4.12k, 1%, 1/8W 
fxd, film 13.3k, 1%, 1/8W 
fxd, film 42.2k, 1%, 1/8W 
fxd, film 133k, 1%, 1/8W 
fxd, film 825 1%, 1/8W 
fxd, film 68.1k, 1%, 1/8W 
fxd, film 2.87k, 1%, 1/8W 
var., cermet. 5k, 10% 

fxd, film 100k, 1%, 1/8W 
fxd, film 56.2k, 1%, 1/8W 
fxd, ww, 15k, 0.1%, 1/8W 
fxd, film 19.6k, 1%, 1/8W 
fxd, film 4.12k, 1%, 1/8W 
fxd, film 121k, 1%, 1/8W 
fxd, film 56k, 1%, 1/8W 
fxd, film 68.1, 1%, 1/8W 
fxd, film 1k, 1%, 1/8W 
fxd, film 19.6k, 1%, 1/8W 
var., cermet, 25k, 10% 


Table 6-3. Replaceable Parts 


MFR. HP 
TQ |MFR. PART NO. CODE PART NO. 
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2N2222A 
2N2907A 


C4-1/8-TO-383 R-F 
C4-1/8-TO-4752-F 


C4-1/8-TO-301 R-F 


C4-1/8-TO-162R-F 
C4-1/8-T0-4121-F 
C4-1/8-TO-1622-F 
C4-1/8-TO-2371-F 
C4-1/8-TO-10RO0-F 


C4-1/8-TO-1132-F 
C4-1/8-TO-3652-F 
C4-1/8-TO-1962-F 
C4-1/8-TO-1213-F 
C4-1/8-TO-1962-F 
C4-1/8-TO-5112-F 
C4-1/8-TO-1001-F 
C4-1/8-TO-2003-F 
C4-1/8-TO-1213-F 
C4-1/8-TO-1001-F 
C4-1/8-TO-1213-F 
C4-1/8-TO-1501-F 
C4-1/8-TO-4332-F 
C4-1/8-TO-1213-F 
C4-1/8-T0-3012-F 
C4-1/8-TO-4121-F 
C4-1/8-TO-1332-F 
C4-1/8-TO-4222-F 
C4-1/8-TO-1333-F 
C4-1/8-TO-825R-F 
C4-1/8-TO-6812-F 
C4-1/8-TO-2871-F 


C4-1/8-TO-1003-F 
C4-1/8-TO-5622-F 


C4-1/8-TO-1962-F 
C4-1/8-TO-4121-F 
C4-1/8-TO-1213-F 
C4-1/8-TO-5603-F 
C4-1/8-TO-68R1-F 
C4-1/8-TO-1001-F 
C4-1/8-TO-1962-F 


1854-0477 
1853-0281 
1854-0823 


0698-3446 
0757-0457 


0757-0410 


0757-0405 
0698-3493 
0757-0447 
0698-3150 
0757-0346 
2100-3282 
0698-4121 
0757-0455 
0698-3157 
0757-0467 
0698-3157 
0757-0458 
0757-0280 
0757-0472 
0757-0467 
0757-0280 
0757-0467 
0757-0427 
0757-0289 
0757-0467 
0757-0453 
0698-3493 
0757-0289 
0698-3450 
0698-6351 
0757-0421 
0757-0461 
0698-3151 
2100-3089 
0757-0465 
0757-0459 
0811-0617 
0698-3157 
0698-3493 
0757-0467 
0698-7666 
0757-0397 
0757-0280 
0698-3157 
2100-3282 
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R62 
R63 
R64 
R65 
R66, 67 
R68 
R69 
R70 
R71, 72 
R73 
R74 
R75 
R76 
R77 
R78 
R79 
R80 

$1 


TB1 
U1, 2 
U3 
U4 
U5 


U6 
U7 
U8 
U9 


DESCRIPTION 


fxd, film 68.1, 1%, 1/8W 
fxd, film 42.2k, 1%, 1/8W 
fxd, film 19.6k, 1%, 1/8W 
fxd, film 464k, 1%, 1/8W 
fxd, film 475, 1%, 1/8W 
fxd, film 19.6k, 1%, 1/8W 
fxd, film 20k, 1%, 1/8W 
fxd, film 1k, 1%, 1/8W 
fxd, film 10, 1%, 1/8W 
fxd, film 9.31k, 1%, 1/8W 
fxd, film 5.62k, 1%, 1/8W 
fxd, film 21.5k, 1%, 1/8W 
fxd, ww 3.32k, 1%, 1W 
fxd, ww 100k, 5%, 10W 
fxd, film 4.75k, 1%, 1/8W 
fxd, film 15k, 1%, 1/8W 
fxd, film 442k, 1%, 1/8W 
Address switch 


Barrier block 6-terminal 


Hex Schmitt Trig. Inverter IC 


Digital comparator, IC 


Table 6-3. 


8-Input Positive - NAND Gate, IC 
Quad-2 Input Positive NAND Buffer, 


Open Coll. IC 


Triple 3-Input Positive NOR Gate 


Hex Inverter, IC 


Quad 2-Input Positive NAND Gate, IC 


Dual 4-Input NAND Gate, IC 


Quad 2-Input Positive - NAND Gate, IC 
Dual Monostable Multivibrator with 


Schmitt Trig. Inputs IC 


Quad 2-Input Positive - NAND Gate, IC 


Hex Inverter, IC 


Dual High Speed Optically Coupled 


Isolators 


COS/MOS Quad Clocked "’D” Latch, IC 
COS/MOS Quad 2-Input AND Gate, IC 
COS/MOS Dual 4-Stage Static Shift 


Reg., IC 
COS/MOS Dual J-K F/F, IC 
COS/MOS Hex Inverter, IC 


COS/MOS Triple 3-Input OR Gate, IC 


12-Bit D/A Converter, IC 
Operational Amplifier, IC 
Operational Amplifier, IC 
5V Regulator, IC 

Dual +15V Reg. IC 
Diode, zener 12.4V, 5% 
Diode, zener 16.2V, 5% 


Replaceable Parts 


MFR. PART NO. 
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C4-1/8-TO-68R1-F 
C4-1/8-TO-4222-F 
C4-1/8-TO-1962-F 
C4-1/8-TO-4643-F 
C4-1/8-475R-F 
C4-1/8-TO-1962-F 
C4-1/8-TO-2002-F 
C4-1/8-TO-1001-F 
C4-1/8-TO-10R0-F 
C4-1/8-TO-9311-F 
C4-1/8-TO-5621-F 
C4-1/8-TO-2152-F 
R51A-1-3321-F 


C4-1/8-T0-4751-F 
C4-1/8-TO-1502-F 
C4-1/8-TO-4423-F 


SN74LS14N 
93L24DC 
SN74LS30N 
SN7438N 


SN74LS27N 
SN74LSO4N 
SN74LSOON 
SN74LSON 
SN74LSOON 
SN74LS221N 


SN74LSOON 
SN74LS04N 


CD4042AF 
CD4081BY 
CD4015AE 


CD4027AE 
CD4069BY 
CD4075BY 


LM301AH 
LM308 
MC7805C 
MC1468 


HP 
PART NO. 


0757-0397 
0698-3450 
0698-3157 
0698-3260 
0757-0415 
0698-3157 
0757-0449 
0757-0280 
0757-0346 
0698-0064 
0757-0200 
0757-0199 
0811-1999 
0811-3029 


0757-0437 
0757-0446 
0698-3460 
3101-1973 


0360-1833 
1820-1416 
1820-0904 
1820-1207 
1820-0621 


1820-1206 
1820-1199 
1820-1197 
1820-1204 
1820-1197 
1820-1437 


1820-1197 
1820-1199 
1990-0608 


1820-0958 
1820-1486 
1820-0976 


1820-0938 
1820-1404 
1820-1405 
1820-1856 
1820-0223 
1826-0172 
1826-0144 
1826-0140 
1902-3185 
1902-0184 
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Table 6-3. Replaceable Parts 


MFR. HP 
DESIG. DESCRIPTION TQ.} MFR. PART NO. CODE PART NO. 


216C 
200C-1858-CRR 


1810-0136 
1810-0125 


Resistor Network, 3k/6.2k, 5%,.02W 
Resistor Network, 4.7k, 5%, 0.15W 


Front Panel Board 


1990-0458 


Indicator, LED 
(Listening, Power ON) 


Connector 

Connector 1251-7424 
Not Assigned 

ss NPN si 1854-0823 


var. (10-turn)ww, 10k, +5%, 2W 2100-3624 


Zero Adjust (R1), D/A Full 

Scale Adjust (R2), Power Supply 
Full Scale Fine Adjust (R3) 

var. (10-turn) ww, 100k, +5%, 2W 
(Power Supply Full Scale Course 
Adjust) 


2100-3623 


Not Used 

fxd, film 4.64k, 1%, 1/8W C4-1/8-TO-4641-F 0698-3155 
Not Used 

fxd, film 301, 1%, 1/8W C4-1/8-TO-301R-F 0757-0410 


spacer 


Power Module on rear panel (in- 
cludes voltage selection PC Board 
and fuse) 


0160-4065 


fxd, metalized paper, 0.1uF, 20%, 
250V (connected between power 
module terminals B and F) 

Line Fuse, 125mA (100/120Vac 


operation) 
Line Fuse, 62.5mA (220/240Vac 
operation) 


MDL 1/8 2100-0318 


MDL 1/16 2100-0311 


Chassis — Electrical 


3101-2287 
59501-80092 


8120-4276 
8120-4277 


Unipolar/ Bipolar Switch 


Power Transformer 
Cable Multi Cond (4) 


Cable Multi Cond (7) 
Mechanical 


4177-0236 
1200-0485 


Tube, hold down 
IC Socket, 14-pin (Address Switch $1) 


Front Panel 59501-00009 
Rear Panel 59501-00010 
Side Trim 5001-0438 
Foot, 1/2 module 5040-7201 
Top shell 3101-0622 
Bottom shell 3101-0623 
Heatsink (A1U32) 1205-0402 


1600-1185 
4040-2197 
59501-20005 
59501-00011 


Fastener Rack Mount 
Spacer (LED) 

Barrier block, cover 
Transformer brackets 


Bh mS S| DB mH] HS] HB ANH eo - S LH 
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Table 6-3. 


REF. 
DESIG. DESCRIPTION 


Miscellaneous 


floater pad 

packing carton 

Line cord-One supplied according 

to the user’s location, as follows: 
U.S., Canada, Japan, Italy and 
Spain 
United Kingdom 
East/West Europe, U.A.R. 
Australia, New Zealand 


Replaceable Parts 


MFR. PART NO. 
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MFR. 
CODE 


28480 
28480 


28480 
28480 
28480 
28480 


HP 
PART NO. 


9211-1913 
9220-2090 


8120-1348 
8120-1351 
8120-1689 
8120-1369 


Table 6-4. Code List of Manufacturers 


02735 


CODE | MANUFACTURER ADDRESS 


Radio Corp. of America, Solid State 
and Receiving Tube Division 
Somerville, N.J. 
G.E. Semicondutor Products Dept. 
Syracuse, N.Y. 
Motorola Semiconductor Prod., Inc. 


Fairchild Camera and Instrument 
Mountain View, Ca. 
Corning Glassworks, Electronic Components 


Division 


National Semiconductor Corp. 
Santa Clara, Ca. 
Hewlett-Packard Company 


RCA Corporation, Solid State Division 
Somerville, N.J. 

Sprague Electric Company 
North Adams, Ma. 

Bussman Mfg. Div. of McGraw & Edison Co. 
St. Louis, Mo. 


Globe Union Inc. 


Electro Motive Mfg. Co., Inc. 
Willimantic, Ct. 
Dale Electronics, Inc. 
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Milwaukee, Wi. 
Cinch Mfg. Co. and Howard B. Jones Div. 


Columbus, Nb. 


Phoenix, Az. 


Bradford, Pa. 


Palo Alto, Ca. 


Chicago, Il. 


SECTION VII 
CIRCUIT DIAGRAMS AND COMPONENT LOCATION DIAGRAMS 


7-1 INTRODUCTION 


7-2 This section contains the circuit diagrams necessary 


for the operation and maintenance of the .59501B HP-IB 
Isolated D/A, Power Supply Programmer. 


7-3 COMPONENT LOCATION DIAGRAMS 


7-4 The component location illustrations, Figures 
7-1 and 7-2, show the physical location and reference 
designation of each part on the chassis and on printed 


Ai MAIN BOARD ASSEMBLY 


SIT 


DS2 LISTENING 


circuit board A1. The functional circuit areas identified 
on Figure 7-2 correspond with the schematic. 


7-5 SCHEMATIC DIAGRAMS 


7-6 The schematic diagram for Modet ,59501B, Figure 
7-3 consists of two sheets. Sheet 1 illustrates the ac input 
circuit and the bias voltage supplies. Schematic notes are 
also included on sheet 1. Sheet 2 illustrates the digital 
processing and analog output circuits. 
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Figure 7-2A. Main Board Assembly A1, Component Location 
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Figure 7-3 (Sheet 2). Model 59501B, Digital Processing and Analog Output Circuits, Schematic Diagram 
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Atsug!, Kanagawa 243 

Tel, 0462-24-0452 

Yokogawa-Hewielt-Pack ard 
Lid 

Kumagaya Asan 

Hachyuni Buid:ng 

4h Floor 

3-4, Tsukuba 

Kumagaya, Satams 360 

Tel 0485-24-6563 


JORDAN 

Mouasher Cousins Co 
P.O. Box 1387 
Arman 

Tel. 24907/39907 
Telex SABCO JO 1456 


KENYA 

ADCOM Lid, Inc 

P.O Box 30070 

Ralrodl 

Tel 331955 

Telex 22639 

Medical Ony 

International Aeradio (EA) Ltd 
PO Box 19012 

Nayobi Arport 

Nalrobl 

Tel 336055/56 

Telex. 22201/2230) 

Medical Only 

International Aeracto (EA) Lid 
P.O Box 95221 

Mombasa 


KORES 

Samsung Electroncs Co , Ltd 
4759 Shagi-6-Dong 

Yeong Deung POU 

Seoul 

Tel 833-4122, 4121 

Telex SAMSAN 27364 


KUWAIT 

A) Khaldya Trading & 
Contracting 

PO Box 830-Satat 

Kuwalt 

Tel. 42 4910/41 1726 

Telex 2481 Areeg kt 


LUXEMBURG 

Hewlett-Packard Beneluz 
SAINV. 

Avenue du Col-Vert, 1 

(Groenkrazgisan) 

8-1170 Sruseets 

Tet (02) 660 5050 

Telex: 23 494 


MALAYSIA 

Hewlett-Packard Sales 

(Malaysia) Sdn Bhd 

Sute 2.2172 22 

Bangunsn Angkasa Raya 

Jalsa Ampang 

Kuala Lumpur 

Tel. 493660, 405653 

Protel Engineering 

P.O Cox 1917 

Lot 259, Satok Rosd 

Kuchng, Sarawak 

Tel: $3544 

MEXICO 

Hewleil-Packerd Mexicana, 
SA. ce CV. 

Av, Periénico Sur No. 6501 

Tepepan, Xochanico 

Mexico 23, OF 

Tel 905-676-4600 

Telex: 017-74-507 

Hewieil-Packard Mexicana, 
SA ce Cy 

Rio Volga #600 

Col. Del Vate 

Monterrey, NL 

Tel. 78-32-10 


MOROCCO 
Oolbesu 

81 fue Karatey 
Casabienca 
Tet 3041 62 
Tetex: 2305 122822 
Getap 

2, tue G'Agade 
Bowe Postal 186 
Casablanca 
Tet 272000/5 
Telex: 23 739 


MOZAMBIQUE 

AN. Gonca'ves, Lid 

162, 1° Apt 14 Ay O Lus 
Caixa Postal 107 

Maputo 

Tel 27091, 27114 

Telex. 6-203 NEGON Mo 


NETHERLANDS 
Hewielt-Packard Benelux NV 
Van Keuven Goedhartizen 121 
PO Box 667 

J18IKK Amatslveen 

Tel (20) 47 20 21 

Telex. 13 216 


NEW ZEALAND 

Hewiett-Packard (N.2) Ltd 

4-12 Crckshank Street 

Kiene, Welngton 3 

PO Box 9443 

Courtney Piace 

Woalllngton 

Tel 877-199 

Hewlett Packard (NZ) Lid 

PO Box 26-189 

169 Manukau Road 

Epsom, Auckland 

Tel. 687-159 

AnalyticaVitedcal Only 

Northrop instruments & 
Systems Lid, 

Sturdee House 

85-87 Ghuznee Steel 

PO Box 2406 

Welllagton 

Tei 850-091 

Telex. NZ 31291 

Northrup Instruments & 
Systems Ltd 

Eden House, 44 Knyber Pass 
Ra 

PO Box 9682, Newmarkel 

Auckland 1 

Tel. 794-091 

Northrup Instruments & 
Systems Lid 

Tetrace House, 4 Oxtord 
Terrace 

PO Box 8388 

Christchurch 

Tel 64-165 


NIGERIA 

The Electronics 
Instrumentatons Lid 

§N6B/770 Oyo Road 

Otuseun House 

PMB 5402 

Ibadan 

Tel 461577 

Telex 39231 TEI NG 

The Electroncs 
instrumentations Lid 

144 Agege Motor Road, Mushn 

PO Box 481 

Mushn, Lagos 

NORWAY 

Hewlett-Packard Norge A/S 

Ostencsien 18 

P.O. Box 34 

1345 Orteraas 

Tel (02) 1711 80 

Telex 16621 hpnas n 

Rewlett-Peckerd Norge A/S 

Nygaardsgaten 114 

P.O Box 4210 

5013 Nygaardsgaten, 

Bergen 

Tel: (05) 21.97 33 


PANAMA 

Elecuénco Banos, SA 
Apatatedo 4929 

Panama § 

Cate Samuel Lews 
Edificio “Atta,” No 2 
Cludad de Psnama 
Tel. 64-2700 

Telex: 3483103 Cururou, 
Canal Zone 


PERU 

Compaiia Electro Mécca SA 

Los Flamencos 145 

San Isidro Casta 1030 

Lima 

Yel 41-4325 

Telex Pd. Booth 25424 
SISIORO 

PAKISTAN 

Mushko & Company Ltd 

Oosman Crambders 

Abddutan Haroon Rosd 

Karacht-3 

Tel. §11027, 512927 

Telex: 2894 


SALES OFFICES 


Arranged alphabetically by country (cont.) 


Mushko & Company. Ltd 
10, Bazar Rd 

Sector G-6/4 
Islamabad 

Tel 28264 


PHILIPPINES 

The Ontne Advanced Systems 
Corporation 

Rico House 

Amotsoto cot Herrera Str 
Legaspr Vitage, Maka 
PO Box 1510 

Metro SManila 

Tei 65-35-81, 85-34-91, 
85.32.21 

Telex 3274 ONLINE 


RHODESIA 

Fred Technical Sa'es 
45 Kelvin Road Norin 
P.O Box 3458 
Sallabury 

Tel 705231 (5 lines) 
Telex RH 4122 


POLAND 

Basco Informacy Techniczney 
Hewiett-Packard 

Ul Stawki 2, 6P 

PL00.950 Warszawa 

Tel 39 59 62, 39 51 87 
Telex 81 24 53 


PORTUGAL 

Telectra-Empresa Técnica de 
Equpamentios Elécinicos 
Sari 

Rua Rodngo da Fonseca 103 

PO Box 2531 

P-Lisbon 1 

Tel (19) 68 60 72 

Telex 12598 

Medcal Only 

Mundnter 

Intetcambio Mund.al de 
Cométcro Sar! 

PO Box 2761 

Avenda Antonio Augusto 

de Aguar 138 

P-Lisbon 

Tel (19) 53.21 31/7 

Telex. 16691 munter p 

PUERTO RICO 

Hewlett-Packard Inier- 
Amencas 

Puerto Rico Branch Olfice 

Cate 272, 

#203 Urb Country Cub 

Carolina 00630 

Te! (809) 762-7255 

Telex 345 0514 


QATAR 

Nasser Trading & Contracing 
PO Box 1563 

Doha 

Tel 22170 

Telex. 4439 NASSER 


ROMANIA 

Hewiletl Packard 
Reprezentanta 

Ban Balcescu 16 

Bucurestl 

Tel 15 BO 23/13 88 BS 

Telex: 10440 


SAUDI ARABIA 

Modern Electrone 

Estabsshment (Head Office) 

PO Boa 1228, Baghdadan 
Sueet 

Jeddah 

Tel 27 798 

Telex 40035 

Cable ELECTA JEODAH 

Modern Electronc 
Estabushment (Branch) 

PO Con 2728 

Riyadh 

Tol. 62596/66232 

Telea: 202049 


Modern Electronic 
Estabsshment (Branch) 

PO. Box 193 

AlKhobar 

Tel 44670-24013 

Telex 670135 

Cable ELECTA AL-KHOBAR 


SINGAPORE 

Howleil-Packard Sagapore 
(Pie) Lid 

Gth Floor, Inchcape House 

450-452 Alexandra Rosd 

PO Cox 58 

Aesandra Post Oitice 

Singapore 9115 

Tel 631763 

Telen WPSG RS 21466 


SOUTH AFRICA 

Kewiell Packard South Alnca 
(Pty ). Ltd 

Private Bag Wendy wood. 

Sandton, Transvaal, 2144 

Hewlett Packard Cenvve 

Daptne Street. Wendywood. 

Sandion, 2144 

Te! 802-5111/25 

Tees 84782 

Hewieit Packard South Atica 
(Ply ), Ltd 

PO Box 120 

Howard Place 

Cape Province, 7450 

Pine Park Centre, Forest Dive 

Pinelands, 

Cape Province, 7405 

Tel 53-7955 thu 9 

Telex $7-0006 

SPAIN 

Hewlett Packard Espafio.a, 
SA 

Cate Jerez 3 

E Madrid 16 

Tel (1) 458 26 00 (10 ines) 

Telex 23515 hpe 

Hewlett Packard Espafiola SA 

Colona Mraserra 

Eaiticio Juban 

c/o Costa Brava, 13 

Madd 34 


. Hewietl Packard Espafoia, 


SA 
Mcanesado 21.23 
E-Barcelona 17 
Tel (3) 203 6200 {5 tnes) 
Telex 52603 hpbe e 
Hewietl Packard Espafo'a 
SA 
Av Ramén y Cajal. 1 
Edlicio Seva, planta 9° 
E-Sovilla § 
Tel 64 44 54/58 
Hewiell-Packatd Espafto'a S A 
Ediico ADA07° B 
E-Bildao 1 
Tel 23 83 06/23 82 0€ 


Hewiell: Packard Espafio's SA 
C/Ramon Gordio 1 
{Envo ) 
E-Valencia 10 
Tel 96-361 13 $4/361 13 58 


SRILANKA 
Metropotian Agences Lid 
209/9 Union Place 
Colombo 2 

Tel 35947 

Telex 1377METROLTD CE 


SUDAN 
Radison Trade 
PO Box 921 
Khartoum 
Tei 44048 
Telex 375 


SURINAM 

Surtel Radio Holand NY 
Grote Hotstr 3-5 

PO Box 155 
Paramaribo 

Tet 72118, 77880 


SWEDEN 

Hewlett-Packard Sverige AB 

Enghetsvagen 3, Fack 

§-161 Bromma 20 

Tel (08) 730 05 50 

Telex 10721 

Cable MEASUREMENTS 

Stockxno'm 

Hewlett-Packard Sverige AB 

Frotatsgaten 30 

$-421 32 Vastra 
Frdtunda 

Tel (031) £9 09 SO 

Telex 10721 via Bromma 
ofiice 


SWITZERLAND 

Hewlett-Packard (Sehwex) AG 

Zurcherstrasse 20 

PO. Cox 307 

CH-6952 Schiteren- 

Zurich 

Tel (01) 7305240 

Telem 53933 hpag ch 

Cable HPAG CH 

Hewlett-Packard (Schweu) AG 

Criteay Bloc 19 

CH-1219 Le Lignon- 
Geneva 

Tel. (022) 9 03 22 

Teiex 27333 npag ch 

Cable HEWPACKAG Geneva 


SYRIA 

General Electrorec ine 

uti Basha-Annat Ebn Kays 
Street 

PO Box 5781 

Osmescus 

Tei 33 24 87 

Teen 11215 ITAL 

Cable ELECTROBOR 
DAMASCUS 

Medcal ony 

Sawan & Co 

Prace Azmé 

BP 2308 

Demascus 

Tel 16 367-19 697-14 263 

Telex 11304 SATACO SY 

Cable SAWAH, DAMASCUS 

Svesman Hal El Mae 

PO Box 2528 

Mamoun B.tar Steet, 56.58 

Damascus 

Tei 11 46 63 

Teex 11270 

Cable HILAL DAMASCUS 


TAIWAN 

Hewelt Packard Far East Ltd 

Taiwan Branch 

Bank Tower. 5th Fioor 

205 Tun Hau Norn Road 

Talpol 

Tel (02) 751-0404 (15 Lnes) 

Hewlett Packard Far East Ltd 

Taiwan Branch 

68:2. Chung Cneng Id Road 

Kaohsiung 

Tel (07) 242318-Kaohsang 

Analytical Only 

San Kwang instruments Co 
lid 

20 Yung Su Road 

Talpel 

Tel 3615446-9 (4 ines) 

Telex 22898 SANKWANG 


TANZANIA 

Medca! Only 

international Aerad.o (E A). Ltd 
PO Box 861 

Dar oo Selacm 

Tel 21253 Eat 265 

Telex 41030 


THAILAND 

UNIMESA Co. Lid 

Elcom Research Building 
2538 Suumul Ave 
Bangehsk, Bangkok 
Tel 39-32 387. 39-20.333 


TRINIDAD & 
TOBAGO 

CARTEL 

Canbbean Telecoms Lid 
PO Box 732 

69 Frederick Street 
Port-ol-Spaln 

Tel 62:53068 


TUNISIA 

Turse Bectionque 

31 Avenue ce a Liberte 
Tunts 

Tei 280 144 

Corema 

ter Av de Carthage 
Tuas 

Te! 253 821 

Teen 12319 CABAM TN 


TURKEY 

TEKNM Company Lid 
Riza Soh Peden 

Caddesi No 7 
Kavakbdere, Ankara 

Tel 275800 

Telex 42155 

Texnen Com , Ltd 
Bardsros Buen $5/12 
Besxyas, tatanbul 

Tel 613 545 

Telex 23540 

EMA 

Munondichk Koticktd Szket 
Moona Eisen Sokek 41/6 
Yuxsel Cocces: 

Ankara 

Tel 17 56 22 

Yernaz Ozyusek 

Mai Mudatea Cad 16/6 
Kittay 

Ankara 

Tel 2503 09 - 17 60 26 
Toien 42576 O2ZEK TR 


UNITED ARAB 
EMIRATES 

Emtec Ltd (Head Otice) 
PO Box 1641 
Sharjah 

Tel 33412173 

Telex 0136 


Emstze Ltd ( 
PO Bor 27it 
Abu Dnadl 

Tet 331370/1 


UNITED KINGDOM 
Hewlett Packard Lis 
King Street Lare 
Wlanerch, Wor ngs’ 
Berachie PGS! SAR 
GB-Engand 
Ye (0724) 784774 
Telex 6471789 
Hewlett Packard Ltd 
Fourier House, 
257 263 High Street 
London Colney 
St. Aldana, Herts 
GB-Engiand 
Tei (0727) 24400 
Telex 16982716 
Hewielt Packard Lig 
Trataigar House 
Nawgaton Road 
Altrincham 
Cheshse WAI4 INU 
GB England 
Te (co) 928 6422 
Telex 668068 
Hewiett Packard Lid 
Lygon Court 
Hereward Rise 
Dudiey Road 
Helosowen, 
West Mctands, B62 8SO 
GB England 
Tei (021) 501 1221 
Telex 339105 
Hewett Packard Lid 
Wedge House 
799, London Road 
Thornton Hoath 
Sutey, CR4 6XL 
GB-Engiand 
Tet (01) 684 0103/8 
Telex 946625 
Hew'ett Packard Ltd 
14 Wesiey St 
Castleford 
Yorks WEI 1AE 
Tel (0977) 550016 
Twx §557335 
Hewett Packard Lid 
Tradax House 
St Mary's Wax 
Maidenhoad 
Berkshae, SL6 1ST 
GB England 
Hewiett: Packard Lid 
Morley Road 
Steptenitl 
Bristol BS1§ 407 
GB Engiand 
Hewiel! Packard Lid 
South Queensferry 
West Lottuan, EH30 916 
GB-Scotand 
Tet (031) 331 1163 
Telex 72682 
UNITED STATES 


ALABAMA 


ch Otte) 


700 Century Park South, 


Sute 128 
Birmingham 35226 
Tel (205) 822-6802 


PO Box 6207 
8290 Wriesbug Dr 
Huntsvitte 35502 
Te (205) 681-4891 
ARIZONA 

2336 E Magnota S! 
Phoantx 65034 
Tei (602) 273-6000 
2424 East Aragon Rd 
Tucson 65706 

Tel (602) 273-0000 


“ARKANSAS 

Meccal Service Only 

PO Cox 5645 

Grady Staton 

Little Rock 72215 

Tet (801) 376-1844 
CALIFORNIA 

1579 W Show Ave 
Fragno 99771 

Tet (202) 224-0382 

1430 East Orangetrorpe Ave 
Futterton 92631 

Tei (714) 670-1000 

$400 West Rosecrans Bivd 
PO Coz 92105 

World Way al Center 
Los Angefea 90002 

Tei (213) 970-7500 

TWx. 910-325-6608 


om Boudoward 
wood 91604 
Tei (213) 877-1282 

TWK 910-499 2671 

3200 Kawew Ay 

Psito Alto, CA $4204 

Tet (608) 983.7000 

646 Wi North Market Blvd 
Sacramento 95834 

Tet (916) 929 2222 

9606 Aero Orve 

PO Bor 23333 

San Olego 92122 

Tet (714) 279-3200 

363 Brookhotow Dr 
Senta Ana, CA 92755 
Tet (714) 641 0977 

2003 Sco Bowevard 
Senta Clara 95050 

Tei (408) 933-7000 

TWA 910-332 0518 

454 Carton Cout 

So. Sen Francisco 94080 
Tei (418) 877.0772 


“Tarzana 
Tel (213) 705-3344 


COLORADO 

5600 DIC Parkway 
Eng!owood £0110 
Tei (303) 771-3455 


CONNECTICUT 

47 Barnes Industral Road 
Barnes Park South 
Wallingford 06492 

Tei (203) 265 7801 


FLORIDA 

PO Box 24210 

2727 NW 62nd Street 
Ft. Lauderdsto 33309 
Tel (305) 973 2606 
4060 Woodcocs Drive #132 
Browrett Buleng 
Jacksonville 32207 
Tet (904) 293 0663 
PO Box 13910 

6177 Leke Exenor Dr 
Orlando 32809 

Tel (305) 859 2900 
PO Box 12826 
Sute 5 Bidg 1 

Ottce Park North 
Ponsaceta 32575 
Tet (904) 476.8422 
110 South Hoover Bivd 
Sute 120 

Tampa 23609 

Tel (813) 872.0900 


GECRGIA 

PO Box 105005 

450 interstate North Park way 
Atlanta 30348 

Tet (404) 955 1500 
TW. 810-766 4890 
Medcal Serwce Only 
“Augusta 30903 

Tel (404) 736.0592 

PO. Box 2103 

1172. N Daws Drive 
Warner Robins 31093 
Tet (912) 922-0449 


MAWAI! 

2875 So King Street 
Honoluls 96826 
Tel (602) 955-4455 


ILLINGIS. 

211 Prospect Ra 
Bioomington $1701 

Tet (309) 653-0283 

5201 Totview Or 

Rolling Meadows 
60008 

Tei (312) 235-9800 

TWX 910-687-2260 
INDIANA 

7301 Worth Sr nd Ave 
Indianapolis 4625; 

Tel (317) B42- 
TWx 810-260-1797 


1OWwA 

2415 Meme Road 

towa City $2240 

Tet: (319) 351-1020 
KENTUCKY 

pad Linn Stavon Road 


Suse 525 


Louisville 40223 

Tel. (502) 426-0100 
LOUISIANA 
P.O Box 1449 
3229-33 Wikams Soveva'd 
Kenner 70062 
Tel (504) 443-6201 


3929 Lank 


MARYLAND 

712 Standard we 
Parkway Wheat Center 
Hanover 21076 

Tes 1301) 796-7700 
TW 710-862. 1943 
2 Chose Chetty Road 
Rockville 20850 

Tet (301) 948 6370 
Twa 710 828-9684 
MASSACHUSETTS 
32 Martwed Ave 
Lexington 02173 
Tei (617) 861 6960 
Tw 710-326-6904 


MICHIGAN 

23855 Research Drive 
Farmington Mills 42024 
Tei (915) 476 6400 

724 West Certre Ave 
Kalemazoo 49002 

Te! (616) 323-6362 


MINNESOTA 


2400 N Prot Ave 
St. Paul 55113 
Tel (612) 636 0700 


MISSISSIPPI 

322 N Mant Paza 
Jackcon 39206 
Tel (603) $82 9263 


MISSOURI 

11131 Colorado Ave 
Kanves City 64137 
Tet i816) 763 8000 
TW 910-771 2087 
1024 Executwe Parkway 
St. Louls 63141 

Tei (314) 878.6200 


NEBRASKA 
Mecca Only 

7101 Mercy Road 
Sute 101 

Ormaha 6816 

Tet (202) 392-0948 


NEVADA 
"Las Vegas 
Tel (702) 736 6610 


NEW JERSEY 

Crystal Brook Professional 
Busding 

Poute 35 

Eatontown 07724 

Tel (201) 542-1384 


W 120 Century Ra 

Paramus 07652 

Tei (201) 265.5000 
Twx 710-990-4951 

HEW MEXICO 

PO Bos 11634 
Staten E 

11300 Lomas Bvd NE 

Albuquerque 87123 

Tet (S05) 292-1330 
TWX. 910-969-1155 
56 Wyatt Orve 

Las Cruces 8200! 

Tet ($05) 525 2408 

TWA 910-9933.0550 


NEW YORK 

6 ato’ A Lene 
Computer Park 

Atbany 12205 

Tet (510) 4$0-1550 

TWH 710-404 £961 

6S0 Perinion HB Otfice Park 
Fairport 14450 

Tet (716) 223-9950 

TWH. 310-253-0032 

No. 1 Pennsytvana Piaza 
55th Floor 

Uh Sweet & Br Avenue 
New York 10001 
Tet (212) 971-0800 
5858 East Mofloy Rosa 
Syracuse 13211 

Tek (315) 655.2486 

1 Crossways Park West 
Woodbury 11797 
Tet (5*8) $21-0300 
THX. $10-221.2183 
Ted (533) 672-7400 


Nonny ope kangs 


Yel ($13) 659-6202 
OKLANOMA 

PO Bos 32008 

6301 N Mendan Averua 


OREGON 
17AQ0 5 Lower Boone 


PENNSYLVANIA 
1021 8m Averue 
Kg of Prsca ane 


Twk 510-660 2670 
113 Zeta Orve 
Pittsburgh 15238 
Tel 14° 
SOUTH CARCLNA 
PO ox 6442 

69410N Trennoim Ross 
Columbia 29005 

Tet (603) 782 6493 
TENNESSEE 

8905 Kings! 
Knoxvitie 2 
Tei 618) 691 


Tei 1315) 
PO Bos 428° 
10835 Har 


Tet (723) 776 Bane 
“Lubbock 

Meccai Serwice Only 
Tei (006) 799-2472 


n T7503! 


Tel (812) terns 


UTA 


2160 Sout) 3270 West Street 


Sait Lake City 64199 
Tet (801) 972-2711 
VIRGINIA 

PO Bos 9669 

2914 tangary Sting Read 
Richmond 23228 

BOA) 285: 491 

Come puter Systems/Mecicai 


ort Execusve Center 


$700 Thurston Aver 
Virginia Beach 23455 
Tet (804) 460-2471 


WASHINGTON 
Betefekd Otfice Pk 
1203 . 114mm Ave SE 
Bellevue 9 
Tet. (206) 454-3971 
Tw 910-443-2448 
PO. Box 4010 
Spok 


Tet (303) S35-0864 
“WEST VIRGINIA 


Tet (204) 925-0492 


FOR U.S. AREAS 


Attenta_Georga = North 
Hotly-woed Catone 
Reckvitle, Maar 
Rolling Meadows, 
Clete acaesses 


id above 


Pokrowtky Boveved 
£7 wor 12 
Moscow 


Telex 7825 Newnes su 


YOGOGA YS 


ae) Hoarett 
c 26 


Beogzad 


t Packars 


URUGUAY 
Papo Ferrance $ 


lontevides 

40.302 
aa 702 Pubic Boot 
Para Patio Ferrando 
VENEZUELA 
Howtett Packard 

ca 
PO Bos 50933 
Carecas 105 
Ruces Nona 


Se somes 


Tel 239-4133 120 ines, 
Teven 25126 HEW>AC 
ZANE 

GL Tibey (Zamee) Lid 
PO Bea 2792 
Lusska 


1793 


33 


prenchppteringal AND 
OLE EAST 
Ot OuNTRes NOT 
suo WH, PLEASE 
CONTACT: 


a 73 


Teles’ 21-658 
Cable HEWPACKSA Ainens 


SOCIALIST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 

hewitt Packard Gea mbH 


£1205 Vienna, Aust 
Tei: (0222) 3S °6 2110 27 
Canle HEWPAK Viera 


Telex 75923 newpax 3 


OTHER AREAS NOT 
LISTED, CONTACT: 


Cable: HEWPACKSA Geneva 
Telex. 2 28 BB 


“Service Only 
2-9$-80 


est 


eo 


SALES OFFICES 


Arranged alphabetically by country (cont.) 


Mushko & Company, Lid 
10. Bazar Ra 

Sector G64 
Islamabad 

Tet 28264 
PHILIPPINES 

The Onine Agvanced Systems 
Corporation 

Rico House 

dunorsolo cor Herrera Sir 
Legasp> Vdage, Makab 
PO Box 1510 

Mevo Manila 

Tei 65-35-81, 65.34.91 
$532.21 

Telex 3274 ONLINE 


RHODESIA 

Field Techevcal Sues 
45 Kelwn Road Norin 
PO Box 3458 
Saliebury 

Tei 70523115 ines) 
Telex FH 4122 


POLAND 

Baro intormacp Techeeczne) 
Hewiet! Packard 

Ui Stawks 2. 6P 

PLOO-950 Warszawa 

Tel 39 59 62. 39 51 87 
Telex 8128 53 


PORTUGAL 

Telectra-Empresa Técmca de 
Equpamentes Eidctricos 
Sarl 

Rua Rocgo ca Fonseca 103 

PO Bex 2531 

P.LUsbon 1 

Tet (19) 68 60 72 

Telex 12593 

Medea! Only 

Mangnter 

Itercambo Munda ce 
Comtroo Sart 

PO Box 2761 

Avenda Antone Augusto 

Ce Agear 138 

P.Usbon 

Tet (19) 5321317 

Telex 16691 munter p 

PUERTO RICO 

Hewlett-Packard Inter. 
Amencas 

Puerio Rico Branch Olfice 

Cate 272. 

#203 urd Coury Qo 

Carolina 00630 

Te! (809) 762-7255 

Telex 245 0514 


QATAR 

Nasser Trading & Contracing 
PO Box 1563 

Doha 

Tel 22170 

Telex £439 NASSER 


ROMANIA 

Hewletl Packard 
Reprezentanta 

Bdn Baicescu 16 

Bucurest! 

Tei 15 60 23/13 63 &5 

Telex 10440 


SAUD! ARABIA 

Modern Bectrone 

Estabistynent (Head Otfice) 

PO Box 1228, Baghdacan 
Sveet 

Jeddah 

Tet 27 798 

Telex £0035 

Cade ELECTA EDOM 

Modern Electone 
Estabicnment (Branch) 

PO Bos 2726 

Riyadh 

Tel. 6259666232 

Telex 202049 

Modern Bectone 
Estabkcnment (Branch) 

PO Box 193 

ArKhobar 

Tel 44678-24613 

Telex 670135 

Cabie ELECTA AL-KHOBAR 


SINGAPORE 

Hewiell Packata Sagapore 
(Pie ) Lid 

6th Floor, Inchcape House 

450-452 Mesanca Rood 

PO Box 58 

Meranca Post Othce 

Singepore 9115 

Tel 631786 

Telex HOSG FS 21486 


SOUTH AFRICA 
Hewlett Packard South Ainca 
(Py ), Utd 

Private Bag Wendywood. 
Sengion, Transvaal 2184 
Hewiel! Packard Centre 
Daphne Street, Wendywood. 
Sandton, 2144 

Tei 802-5111/25 

Telex 86-4762 

Hewlett Packard South Atnca 

(Pry) Lt 

PO Bos 120 

Howard Pisce 

Cape Prownce. 7450 

Pine Park Cente. Forest Drive. 
Pinelands, 

Cape Province. 7405 

Tet 53.7955 twu 9 

Telex 57-0005 

SPAIN 

Hewletl-Packard Espatioa. 

SA 

Cate Jerez 3 

E-Madrid 16 

Tet (1) 458 26 00 (10 ines) 
Telex 23515 hoe 

Howielt Packard Espaftola S A 
Colona Mrasetra 

Eotico Juban 

c/o Costa Brava. 13 
Madrid 4 

Hewielt Packard Espafic'. 

SA 

Meanesaco 21-23 
E-Barcetona 17 

Tel (3) 203 6200 (5 tres) 
Telex $2603 hpde e 


Hewiet! Packard Espato'a. 
SA 


Ay Romn y Cai, 1 
Ectco Sevea, planta 9° 
E-SevillaS 
Tel 64 44 54/58 
Hewiet! Packard Espafio’s SA 
Ectco Abat7* B 
E.Bilbao 
Tet 23 63 06/23 62 06 
Hewtet! Packard Espatiola SA 
C/Ramon Gorcto 1 

{Entio } 
E Valencia 10 
Te! 96-361 13 54/361 13 58 


SARI LANKA 
Metropolitan Agenaes Lid 
209/9 Urvon Pace 
Colombo 2 

Tel 35947 

Telex 1377METROLTD CE 


SUDAN 
Rasson Trace 
PO Bor 921 
Khartoum 
Te 44048 
Telex 375 


SURINAM 

‘Sutel Rado Hotand NV 
Grote Hots: 3.5 

PO Box 155 
Paramaribo 

Tel 72118. 77689 


SWEDEN 

Hewlett Packard Sverige AB 

Enghetsvagen 3. Fack 

$161 Bromma 20 

Tei (08) 730 05 SO 

Tees 10721 

Cable MEASUREMENTS 

Stocxnoin 

Hewlett Packard Sverige AB 

Frotatsgatan 30 

$425 32 Vastra 
Frotunda 

Tei (031) 49 09 50 

Telex 10721 wa Bromma 
othee 


SWITZERLAND 

Hewlett Packard (Schweu) AG 

Zurchersvasse 20 

PO Box 207 

CH.£952 Schileren- 

Zurich 

Tel (01) 7305240 

Telex 52933 hpag ch 

Catie HPAG CH 

Hewlell Packard (Schweu) AG 

Crsieau Bioc 19 

CH-1219 Le Lignon- 
Geneva 

Tel (022) 96 03 22 

Teles 27333 pagan 

Coble MEWPACKAS Geneva 


SYRIA 

General Etectrome Ine 

Nati Basha-Ahnal Ebn Kays 
Sveet 

PO Box 5781 

Damascus 

Tel 33 24 87 

Telex 11215 ITIKAL 

Cable ELECTROSOR 
DAMASCUS 

Modcal ony 

Sawan & Co 

Puce Armé 

BP 2308 

Damascus 

Tel 16 367-19 697.14 268 

Telex 11304 SATACO SY 

Cable SAWAH, DAMASCUS 

Suleman Hig! El Maw 

PO Box 2528 

Mamoun Bitar Sveet_ 56-58 

Damascus 

Tel 11 46 63 

Telex 11270 

Cable HILAL DAMASCUS 


TAIWAN 

Hewlett Packard Far East Lid 

Taiwan Branch 

Bank Tower, Sth Floor 

205 Tun Hay Nortn Road 

Talpel 

Te! (02) 751-0404 (15 ines) 

Hewlett Packard Far East Lid 

Taiwan Branch 

68.2 Chang Cheng 3:0 Road 

Kaohsiung 

Tel (07) 242318 Kaohsang 

Analytca! Ory 

San Kwang Instruments Co . 
ud 

20 Yung Su Road 

Talpei 

Tel 3615446-9 (4 ines) 

Telex 22894 SANKWANG 


TANZANIA 

Mecca! Orly 

Witernatona! Aerado (E A). Lid 
PO Box 861 

Dar es Salaam 

Tel 21251 Est 265 

Telex 41030 


THAILAND 

UNMESA Co Lid 

Elcom Research Buidag 
2538 Suburnwil Ave 
Bangchak, Bangkok 
Tel 39-32-387, 39-30-3383 


TRINIDAD & 
TOBAGO 

CARTEL 

Carbdean Telecoms Lid 
PO Box 732 

69 Frederick Street 
Port-of-Spain 

Tel 62-53068 


TUNISIA 

Tune) Blectonque 

31 Avenue Geb Loerie 
Tunis 

Tet 260 144 

Corema 

liter Av ce Carthage 
Tunis 

Tel 253 821 

Telex 12319 CABAM IN 


TURKEY 

TEKNIM Company Ltd 
Rusa Sah Petiew, 

Cacces No 7 
Kavaridere Ankara 

Tei 275800 

Telex 42155 

Teknm Com. Ltd 
Barbaros Bulvan 55/12 
Beskyas. Istanbul 

Tel 613 546 

Teles 23540 

EMA 

Muhondctk Kotektl Srket 
Medina Eidem Sokak 41/6 
Yuxsel Caddess 

Ankara 

Tel 17 56 22 

Vimar Ozywek 

NG Mucalaa Cad 16/6 
Klay 

Ankara 

Tel 25 03 09 - 17 6026 
Teles 42576 OZEK TA 


UNITED ARAB 
EMIRATES 

Em#tac Lid (Head Otfice) 
PO Box 1641 
Sharjah 

Tel 3541213 

Telex 6136 


Emitac Ltd (Branch Olfice) 
PO Box 2711 

Abu Dhabi 

Tel 331370/1 


UNITED KINGDOM 
Hewlett Packard Lid 
King Street Lane 
Winnorsh, Wokmgham 
Berkshze AG11 SAR 
GB-Engiand 

Tel (0734) 784774 
Telex 8471 78/9 
Hewlett-Packard Lid 
Founer House 
257-263 High Sveel 
London Coney 

St. Albans, Herts 
GB Engiand 

Tel (0727) 24400 
Telex 18952716 


Hewiel! Packard Lid 
Trafaigat House 
Nawgaton Road 
Altrincham 
Cheshse WAI4 INU 
GB-Engiand 

Tel (061) 928 6422 
Telex 668068 
Hewiell-Packard Lid 
Lygon Court 
Heteward Rise 
Dudey Road 
Halesowon, 

West Mciands, B62 BSD 
GB-Eng'and 

Tet (021) $01 1221 
Telex 339105 
Hewlett Packard Lid 
Wedge House 

799, London Road 
Thornton Heath 
Sutey, CRS 6xL 

GB Engand 

Tei (01) 684-0103/8 
Telex 946825 
Hewlett Packard Lid 
14 Wesiey St 
Castleford 

Yorks WFIG 1AE 

Tel (0977) 550016 
Twx 5557335 
Hewlett Packard Lid 
Tragax House 

St Mary's Wak 
Maldenhoad 
Berkste, SL6 1ST 
G8 Engand 

Hewlett Packard Lid 
Morley Road 
Staptenill 

Bristol. BS16 40T 
GB-Engiand 
Hewlett-Packard Lid 
South Queensferry 
West Lotthan, EH30 STG 
GB-Scotand 

Tel (031) 331 1188 
Teles 72682 
UNITED STATES 


ALABAMA 


700 Century Park South, 


Sute 126 
Birmingham 35226 
Tel (205) 622-6802 


PO Gox 4207 
8290 Whitesburg Or 
Huntsville 35602 
Tei (205) 681-4591 
ARIZONA 

2336 € Magnota $1 
Phoenix 65034 
Tet (602) 273-8000 
2424 East Aragon Rd 
Tucson 65706 

Tel. (602) 273 6000 


“ARKANSAS 

Mecca Serwce Only 

PO Box S646 

Brady Staton 

Little Rock 72215 

Tet (501) 376-1044 
CALIFORNIA 

1579 W Shaw Ave 
Fresno 93771 

Tet (203) 224.0582 

1430 East Orangethorpe Ave 
Fullerton 92631 

Tet (714) 870-1000 

§400 West Rosectans Bivd 
PO Box 92105 

World Way Postal Center 
Los Angeles 90009 

Tet (213) 970-7500 

TWX 910 325 6608 


3939 Lankershn Boulevard 
North Hollywood 91604 
Tel (213) 877-1282 

TWX 910-499-2671 

3200 Haview Av 

Palo Alto, CA 94304 

Tet (408) 988-7000 

646 W. Nortn Markel Bivd 
Sacramento 95834 

Tel (916) 929 7222 

9606 Aero Drive 

PO Box 23333 

San Diego 92123 

Tel (714) 279-3200 

363 Brookhotow Or 

Santa Ana, CA 92705 
Tel (714) 641.0977 

3003 Scott Boulevard 
Santa Clara 95050 

Tet (403) 988-7000 

TWX 910-338-0518 

454 Cartion Court 

So. San Francisco 94080 
Tei (415) 877.0772 
“Tarzana 

Tel (213) 705-3344 


COLORADO 

5600 DIC Parkway 
Englewood 80110 
Tet (303) 771.3455 


CONNECTICUT 

47 Barnes Industral Road 
Barnes Park South 
Wallingford 06492 

Tet (203) 265-7801 


FLORIDA 

PO Box 24210 

2727 NW 62nd Street 
Ft. Lauderdale 33309 
Tei (305) 973-2600 
4080 Woodcock Drive #132 
Brownell Bu'dng 
Jacksonville 32207 
Tel (904) 398-0663 
PO Box 13910 

6177 Lake Efenor Dr 
Orlando 32809 

Tet (305) 859-2900 
PO Box 12826 

Sute 5, Bidg 1 

Olfice Park North 
Pansacola 32575 
Tel (904) 476-8422 
110 South Hoover Blvd 
Sute 120 

Tampa 33609 

Tet (813) 872-0900 


GEORGIA 

PO Box 105005 

450 Interstate North Parkway 
Atlanta 30348 

Tei (404) 955-1500 
TWX 810-766-4890 
Medea! Service Only 
“Augusta 30903 

Tet (404) 736-0592 

PO Bor 2103 

1172 N Davis Drive 
Warner Robins 31093 
Tet (912) 922-0449 


HAWAII 

2875 So King Street 
Honolulu 96826 
Tei (608) 955-4455 


ILLINOIS 

211 Prospect Rd 
Bloomington 61701 
Tet (309) 663-0333 
5201 Totwew Dr 
Rolling Meadows 
60008 

Tel. (312) 255-9800 
TWX 910-687-2260 


INDIANA 

7301 North Snadetand Ave 
Indianapolis 46250 

Tel (317) 842-1000 

TWX 810-260-1797 


IOWA 

2415 Henz Road 
lowa City 52240 
Tet (319) 351-1020 


KENTUCKY 

10170 Linn Staton Road 
Sute 525 

Louleville 40223 

Tel (502) 426.0100 


LOUISIANA 

PO Box 1449 

3229-39 Wihams Boulevard 
Kenner 70062 

Tet (504) 443-6201 


MARYLAND 

7121 Standard Drive 
Parkway Industria! Center 
Hanovor 21076 

Tel (301) 796.7700 
TWX 710-862-1943 

2 Choke Chery Road 
Rockville 20850 

Tel (301) 948-6370 
TWX 710-828-9684 


MASSACHUSETTS 
32 Hastwed Ave 
Loxington 02173 
Tel (617) 861-8960 
TWX 710-326-6904 


MICHIGAN 

23855 Research Drive 
Farmington Hills 48024 
Tel (313) 476-6400 

724 Wes! Centre Ave 
Kalamazoo 49002 

Tel (616) 323 8362 


MINNESOTA 


2400 N Prior Ave 
St. Paul 55113 
Tet (612) 636-0700 


MISSISSIPPI 
322.N Mart Plaza 
Jackson 39206 
Tel (601) 982.9363 


MISSOURI 

11131 Colorado Ave 
Kansas City 64137 
Tei (816) 763.8000 
TWX 910-771 2087 


1024 Executve Parkway 
St. Loule 63141 
Tel (314) 878.0200 


NEBRASKA 
Mecca! Only 

7101 Mercy Road 
Sute 101 

Omaha 68106 

Tel (402) 392.0948 


NEVADA 
“Las Vegas 
Tel (702) 736-6610 


NEW JERSEY 
Crystal Brook Protessional 


Buidng 
Route 35 

Eatontown 07724 
Tel (201) 542-1384 


W 120 Century Rd 
Paramus 07652 

Tel (201) 265-5000 
TWX 710-990-4951 
NEW MEXICO 

PO Box 11634 
Staton E 

11300 Lomas Blvd, NE 
Albuquerque 87123 
Tel. (505) 292.1330 
TWX 910-989-1185 
156 Wyatt Deve 

Las Cruces 86001 
Tel: (505) 526-2484 
TWX: 910-9983-0550 


NEW YORK 

6 Automaton Lane 
Computer Park 
Albany 12205 

Tel: (518) 458-1550 
TWX 710-444.4961 


650 Pernton HI Olf.ce Park 
Falrport 14450 

Tel: (716) 223-9950 
TWX 510-253-0092 

No 1 Pennsytvana Plaza 
55th Floor 

Ah Street & Gin Avenue 
New York 10001 

Tet (212) 971-0800 
$858 East Motoy Road 
Syracuse 13211 

Tel (315) 455-2486 

1 Crossways Park West 
Woodbury 11797 

Tet (516) 921-0300 
TWX 510-221-2183 

Tel (513) 671-7400 


NORTH CAROLINA 
5605 Roanne Way 
Greensboro 27409 
Tet (919) 852-1600 


OHIO 
Medica/Computet Only 
9920 Carver Road 
Cincinnatl 45242 
Tel (513) 691-9870 
16500 Sprague Road 
Cleveland 44120 
Tel (216) 243-7300 
Twx 810-423. 9430 


962 Crupper Ave 
Columbus 43229 
Tel (614) 436-1041 


330 Progress Rd 
Dayton 45449 

Tel ($13) 859-8202 
OKLAHOMA 

P.O Box 32008 

6301N Mendan Avenue 
Oklahoma City 73112 
Tei (405) 721-0200 
9920 E 42nd Steet 
Sute 121 

Tulsa 74145 

Tel (918) 665-3300 


OREGON 

17890 SW. Lower Boones 
Fetty Road 

Tualatin 97062 

Tel (503) 620-3350 


PENNSYLVANIA 

1021 8tn Avenue 

King of Prussia Industral Park 
King of Prussia 19406 
Tel (215) 265-7000 

TWX 510-660.2670 


111 Zeta Dive 
Pittsburgh 15238 

Tel (412) 782-0400 
SOUTH CAROLINA 
PO Box 6442 

6941.0N Trenholm Road 
Columbia 29206 

Teil (803) 782-6493 


TENNESSEE 
8906 Kingston Pike 
Knoxville 37919 
Tet (615) 691-2371 
3070 Dzeclors Row 
Dzectors Square 
Momphis 38131 
Tel (901) 346-8370 
“Nashvillo 

Medica! Service Only 
Tel (615) 244.5448 


TEXAS 

4171 Norin Mesa 
Sute C110 

El Paso 79902 
Tel (915) 533-3555 


PO Box 42816 
10535 Harwin St 
Houston 77036 
Tel (713) 776-6400 


“Lubbock 
Med:cal Service Only 
Tet (806) 799-4472 


PO Box 1270 

201 Arapaho Rd 
Richardson 75081 
Tel (214) 231.6101 


205 Bay Michel Road 
San Antonio 78226 
Tet (512) 434-8241 


UTAH 

2160 South 3270 West Street 
Salt Lake City 84119 

Tel (801) 972-4711 
VIRGINIA 

P.O. Box 9669 

2914 Hungary Spring Road 
Richmond 23228 

Tel. (604) 285-3431 


Computer Sysiems/Medcal 
Only 

Asport Executive Center 

Sute 302 

5700 Thurston Avenue 

Virginia Beach 23455 

Tet (604) 460-2471 


WASHINGTON 
Beteleld Office Pk 
1203 - 114th Ave SE. 
Bellevue 98004 

Tet. (206) 454-3971 
TWX. 910-443-2446 
P.O Bor 4010 
Spokane 99202 

Tet: (509) 535-0864 


“WEST VIRGINIA 
Medical/Analyteal Only 
4604 Mac Corkle Ave, SE 
Charleston 25304 

Tet (304) 925-0492 


WISCONSIN 

150 South Sunny Stope Road 
Brookfield 53005 

Tel (414) 784-8800 


FOR U.S. AREAS 

NOT LISTED: 

Contact the regenal office 
nearest you 

Atlanta, Georga = North 
Holly-wood, Caiforna 
Rockville, Maryland 
Rolling Meadows, Enos 
Thes complete addresses 
are Listed above 


USSR 

Hewiell-Packard 
Representative Othice 

USSR 

Pokrovsky Boutevard 
AIT kw 12 

Moscow 101000 

Tel 294 20 24 

Telex 7825 hewpak su 


YUGOSLAVIA 

Iskra Commerce, n solo 
Zastopsivo Hewiet! Packard 
Obscew Venac 26 

YU 11000 Boograd 

Tel 636-955 

Telex 11530 

Iskra Commerce, 1 solo 
Zastopsivo Hewiet!-Packard 
Mitosiceva 38/V¥ 
YU-61000 Ljubljana 

Tel 321-674, 315-879 
Telex 31583 


URUGUAY 

Pablo Fetrando SAC el 
Avena Ilata 2877 
Casa ce Correo 370 
Montevideo 

Tei 40-3102 

Telex 702 Pubic Booth 
Para Pabio Ferrando 


VENEZUELA 

Hewletl Packard de Venezuela 
CA 

PO Box 50933 

Caracas 105 

Los Ruces Norte 

3a Transversal 

Edticio Segre 

Caracas 107 

Tel 239-4133 (20 ines) 

Telex 25146 HEWPACK 


ZAMBIA 

AJ Tébury (Zambia) Lid 
P.O Box 2792 
Lussko 

Tel 73793 


MEDITERRANEAN AND 

MIDDLE EAST 

COUNTRIES NOT 

SHOWN, PLEASE 

CONTACT: 

Hewlett-Packard SA 

Mecierranean and Mdce East 
Operations 

35, Kolokotrom Sueet 

Prana Kelalanou 

GA-Kilissia-Athens, Greece 

Tel 6080359/429 

Telex 21-6588 

Cable. HEWPACKSA Athens 


SOCIALIST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 
Hewlett-Packard Ges mbH. 
Handelskar 52 

PO Bor7 

A-1205 Vienna, Austra 
Tel (0222) 35 16 21 10 27 
Cable HEWPAK Vienna 
Telex 75923 hewpak & 


OTHER AREAS NOT 

LISTED, CONTACT: 

Hewtell-Packard 
intercontinental 

3495 Deer Creek Road 

Palo Alto, Catfornia 94304 

Tel. (415) 856-1501 

TWX: 910-373-1267 

Cable HEWPACK Palo Allo 

Telex: 034-8300, 034-8493 


Hewlett-Packard SA 

7, rue cu Bois-cu-Lan 

P.O Box 

CH-1217 Meyrin 2 - Geneva 
Swilzertand 

Tel (022) 82 70 00 

Cable HEWPACKSA Geneva 
Telex 224 66 


"Service Only 
2-15-80 


G HEWLETT 


PACKARD 


